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SUMMARY 

TTie  Btand-alone  controUera  in  aingle  and  coupled-channel  forma  are 
deacribad.  Detaila  of  hardware  and  software  are  giv«i,  and  notea  on  the 
aaaociated  data  acquisition  ayetem  and  teat  boxes  are  included.  A  number  of 
appendicea  provide  data  for  i^wparation  and  reading  of  floppy  diaka,  for 
cycling  and  communicatiaa  rate  adjuatmenta  and  detailed  information  on 
other  aspects  of  these  units. 
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1.  MTBODDCnON 

Etoctro-hydnuilic  control  of  the  test  loads  i4>pUed  to  major  aircraft  structural 
components  was  first  used  at  the  Aeronautical  Research  Imboratories  in  1971.  While 
the  basic  feedback  control  loop  used  at  that  time  has  bean  changed  only  in  matters 
of  detail  there  have  been  significant  changes  in  the  loading  profiles  required. 
Changes  have  also  ooemed  in  the  tedmkpies  employed  to  generate  loed^ 
waveforms  and  to  set  and  mcmitor  the  applied  load  values. 

hi  recent  times  most  of  the  development  effort  has  been  directed  to  the  large 
computer-controlled  multi-actuator  systems  used  in  the  fatigue  testing  of  full  scale 
aircraft.  The  original  single  qrstem  has  continued  in  service  until  failing 

reliability  and  non-availability  of  parts  made  replsummmit  essential.  This  single 
f-iiaiwMii  eystem  provided  constant  amplitude  sinusoidal  loading  with  amplitudes 
changing  by  pre-set  amounts  after  completion  of  a  specified  number  of  c^es  at 
each  ampUtude.  This  loading  profile  was  generally  referred  to  as  *Block 
Programming’.  An  essential  requirement  of  any  new  single  channel  system  would  be 
the  provision  of  ’Flight-by-Flight’  load  profiles,  wherein  load  amplitudes  are 
distributed  in  an  irr^iular  pattern,  on  a  single  cyde  basis,  to  simulate  the  landing 
occurring  in  flight.  Other  facilities  provided  in  the  multi-actuator  systems,  and 
considered  desirable  for  single  channel  systems,  include  TiOad  vsdue  at  turning  point’ 
monitoring,  strain  measurements  at  turning  points  and  automatic  strain-versus-load 
calculations  of  the  test  specimen. 

Tbe  system  described  in  this  report  brings  all  of  these  features  and  more  to 
single  channel  structural  component  testing. 


X  STSniMDESKarOBJECllVBS 

XI  S^Mcificathia 

Ibe  broad  qiecification  directing  the  design  effort  was  expressed  in  four 

major  objectives  as  follows: 

(1)  To  provide  a  single  channel  electro-hydraulic  feedback  controller  and  load 
programmer  requiring  minimum  operator  supervision.  This  self-contained, 
self-checking  and  self-protecting  system  should  provide  a  hard  copy  log  of 
test  progress. 

(2)  To  provide  sensors  for  specimen  monitoring  at  each  specified  load  value  of  a 
test  program.  Ibe  number  of  sensors  could  be  limited  but  sensor  amplifiers 
should  be  mounted  as  close  to  the  sensors  as  possible. 

(S)  To  provide  all  the  features  of  the  original  controller  and  those  features  of  the 
advanced  multi-channel  systems  considered  relevant  to  single  channel 
anilications.  The  controller  should  be  capable  of  both  ’block’  and  ’fli^t-by- 
fUgfat’  programming,  and  load  and  strain  monitoring  should  be  provided. 

(4)  To  provide  a  system  suitable  for  the  study  of  distributed  controllers  wherein  a 
number  of  single  channel  controllers  may  work  togother  in  syncduonism,  either 
without  external  supervision  or  under  the  control  of  a  mini-computer. 
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2.X1  Laadtai«e 

Hie  amount  of  load  to  be  applied  by  a  fbll  scale  input  command  to  a  feedback 
load  controller  is  determined  by  the  gain  of  the  feedback  amplifier.  It  is  essential 
this  gain  be  correctly  set  for  tiM  desired  load  range. 

The  new  single  channel  controllers  were  required  to  include  facilities  for 
automatic  vwification  of  feedback  amplifier  gain.  This  was  to  be  adiieved  by  the 
automatic  application  of  predetermined  command  and  shunt-stimulated  load  cell 
signals  ^ipropriate  to  the  required  load  range.  When  the  amplifier  gain  was 
correctly  set  these  signals  would  sum  to  aero. 

Load  point  ealnes 

In  multi-channel  systems  automatic  tests  were  made  at  each  load  turning 
point  to  establish  command/load  agreement.  These  tests  required  digitisation  of 
independent  load  measurements  and  comparison  of  digital  values  of  command  and 
load. 


Similar  verification  of  load  turning  point  values  was  required  in  the  single 
channel  controllers.  For  simplicity  analogue  comparisons  of  commcmd  with  both 
feedback  signal  and  independent  load  signal,  using  separate  null  detecting  circuits, 
were  specified.  Simultaneous  null  signals  from  both  detectors  indicated  satisfactory 
command/load  agreement. 


8.  SYSTEM  HARDWABE 
8 J.  System  Canfiguration 

The  system  comprised  four  SE  hi^  19  inch  (483  mm)  modules,  an  input 
termination  box  and  up  to  eight  sensor  amplifiets.  Figure  1.  Load  data  was  presented 
to  the  system  on  an  eight  inch  (208  mm)  double  sided,  double  density  floppy  disk  read 
by  the  Load  Program  Module.  The  analogue  command  generated  by  this  module  was 
output  to  a  Servo  Amplifier  Mark  2A  in  the  Kg  Monitor  Module.  This  module 
monitored  load  cell  output  as  well  as  providing  servo  valve  control. 

The  OC  power  supply  for  the  Load  Program  Module  and  the  Rig  Monitor 
Module  was  located  in  the  Hydraulic  Clontrol  Module.  This  module  controlled  oil  flow 
to  the  rig  by  providing  electrical  signals  to  operate  the  solenoid  valves  in  the 
hydraulic  circuit. 

The  Data  Acquisition  Module  accepted  signals  from  up  to  eight  sensors.  More 
than  one  data  acquisition  module  could  be  used  if  required.  Output  signals  amplified 
adjacent  to  the  sensors  were  digitised  in  this  module  and  receded  on  an  internal 
eiidtt  inch  (203  mm)  double  sided,  double  density  floppy  disk.  For  more  details  of  this 
subsystem  refer  to  Section  6. 

3.2  Hardware  Selectioa 

Some  off  the  reasons  for  the  section  of  particular  system  components  are 
discussed  in  the  following  paragraphs.  Non-tecWcal  considerations  governed  the 
selection  of  some  components. 
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Memory  componenta  performed  four  functions  in  this  eystem. 

(1)  Bulk  storage  of  load  program  data  and  specimen  response  data.  Ihe  eight 
inch  (208  mm)  floppy  disks  were  selected  for  both  implications  because  they 
provided  compact  data  st<»agB  on  a  readily  transportable  medium.  Iheir 
performance  under  fatigue  test  conditions  remained  to  be  demawtrated  but 
they  were  used  extensively  throughout  the  computer  industry.  The  storage 
capad^  provided  by  these  double  density  disks  was  adequate  for  load  program 
storage  but  somewhat  limited  for  oontiattous  sensor  data  recording* 

At  the  time  the  selection  was  made  Windiester  disk  technOlQgy  was  available 
but  relatively  expensive  and  lacked  the  simide  controller  hardware  available 
for  floppy  disks.  Interchange  of  disks  was  more  readily  achieved  with  floppy 
disks  than  with  Winchester  cartridges.  Small  cassette  tape  units  ladced  the 
necessary  storage  capacity  and  did  not  provide  the  rapid  restsut  and  repeat 
facilities  considered  necessary.  Generally  these  units  were  not  available  in 
the  simple,  robust  and  inexpensive  formats  required. 

Bubble  memory  had  been  used  in  another  application,  but  with  a  very 
uncertain  supplier  situation  the  future  of  these  units  looked  bleak. 
Availability  improved  recently  but  their  capacity  remained  only  marginally 
adequate.  Portability  of  load  and  sensor  data  records  would  be  less  readily 
achieved  than  with  fl(mpy  disks.  However  if  floppy  disks  failed  to  provide 
adequate  performance  in  this  applicatkm  bubble  memoriee  would  now  be  an 
alternative  worthy  of  consideration. 

(2)  Permanent  storage  of  test  status  to  allow  restart  after  aocideatal  shutdown. 
To  avoid  special,  time  critical  shutdown  routines  the  memory  used  for  test 
status  storage  was  required  to  be  part  of  the  working  memory  of  the  system. 
CMOS  random  access  memory  was  selected  for  the  purpose  because  it  was 
fully  compatible  with  the  rest  of  system  RAM.  Its  very  low  power 
requirement  meant  it  could  be  maintained  for  long  periods  by  a  small,  low 
capacity  battery.  With  this  CMOS  memory  used  directly  as  work^ce 
registers  there  was  no  requirement  for  special  routines  to  save  data  during 
either  controlled  or  accidental  shutdown. 

ESectrically  Erasable  Programmable  Read  Only  Mem(»y  (EEPROM)  was 
consideted  as  a  possible  alternative  to  the  CMOS  memory.  It  was  rejected 
because  its  relatively  slow  ^>eed  would  prohibit  use  in  main  memory,  and 
undesiraUe  transfer  routines  would  be  necessary.  Because  this  technology 
was  then  in  Its  infancy  power  supply  and  timing  requirements  were  both 
complex  and  critical;  and  local  availabUity  of  devices  amd  technical  data  was 
uncertain. 

(3)  Program  storage.  The  aj^lication  program  and  a  primitive  disk  operating 
•ystem  were  stored  in  EIPROM.  EPROMS  were  chosen  in  preference  to  the 
smaller  and  less  expensive  PROMS  because  the  number  of  units  to  be  produced 
was  small,  program  modification  was  facilitated,  and  a  suitable  E3*ROM 
programmer  was  readily  available. 

(4)  Working  memory.  Static  RAM  was  selected  for  this  purpose  because  the 
amount  of  random  access  memory  required  was  small,  and  the  added 
complexity  of  dynamic  RAM  was  not  justified. 
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3.2^  The  microivaoeMor 

The  T1IS9900  waa  selected  for  this  applicatioe  because  considerable 
experience  in  the  development  of  hardware  and  software  for  it  had  been 
accumulated,  and  ossentinl  tools  for  iwogram  development  were  available.  This  unit 
had  a  full  16-bit  data  bus  and  provid^  hardware  multiidy  and  divide  capaUlity.  Its 
address  modes,  communication  register  unit  and  operating  ^eed  wwe  particularly 
suitable  for  this  application;  and  members  of  its  family  of  very  advanced  support 
chips  were  suitable  for  use  in  the  proposed  system. 

S.2JI  Opetatai>eystem  interface 

A  unit  was  required  which  would  permit  interaction  of  operator  and  ccmtroller 
and  would  provide  a  hard  copy  test  log.  The  Teletype  Model  43  was  (diosen  because 
it  had  a  proven  performance  record  under  office  con^Uons  and  it  was  familiar  to  the 
majority  of  potential  operators.  The  teletype  provided  a  durable  hard  copy  of 
adeqtmte  quality  and  was  sufficiently  flexible  to  meet  potential  system 
development.  It  was  robust  and  reasonably  portable. 

3J2.4  The  system  cards 

The  familiar  printed  circuit  and  connector  had  been  a  source  of  trouble  in 
several  installations  operating  in  conditions  better  than  those  to  be  experienced  by 
these  controllers.  Consequently  this  configuration  was  discarded  in  favour  of  the 
indirect,  card-mounted  connector.  This  connector  had  the  added  advantage  that 
connector  density  coiild  be  increased  considerably  without  increasing  the  complexity 
of  manufacture  of  the  card.  The  mechanical  arrangement  of  Cards  in  this  system 
generally  followed  that  recognised  as  the  T^rocard’  configuration. 

3.3  Load  Program  Module 

This  module  contained  a  disk  drive  and  five  major  circuit  card  assemblies. 

3.3.1  Medianical  arrangement 

Most  of  the  Cards  were  rear  loaded  into  the  3E  x  89T  x  4248  mm  card  frame 
and  mated  with  an  insulation  displacement  ribbon  cable  baclq>lane.  The  exception  to 
this  arrangement  was  the  CPU  card  which  was  constructed  to  an  existing  design  and 
positioned  above  the  disk  drive.  For  the  limited  production  run  anticipated,  this 
arrangement  appeared  to  offer  the  lowest  overall  cost. 

3.3.2  CPU  card 

This  card  contained  the  TMS9900,  up  to  16K  of  EPROM,  4K  of  RAM,  a 
diagnostic  teletype  port  and  support  circuitry.  Memory  mailing  on  this  card  used  a 
PROM  (74S288,  DM8578,  82S123  or  equivalent)  which  had  to  be  replaced  if  different 
sized  EPROMS  (2708,2716,2732)  were  installed.  Refer  Appendix  1  and  2. 

Because  the  teletype,  interrupts  and  clocks  were  all  controlled  through  the 
communications  register  unit  (CRU),  a  facility  not  available  <m>  most  other 
processors,  it  would  be  difficult  to  change  to  another  processor  type.  The  DMA 
relied  upon  the  processor  relinquishing  the  bus  for  one  cycle  every  11.5 
microseconds,  another  feature  also  not  generally  available. 


3 Diak  ooDtroller  card 


This  card  was  desigoed  around  the  Western  Digital  1797  controller  ch^,  with 
phase-locked  loop  data  separation  and  DMA  data  transfer.  The  card  was  craifigured 
for  doable  density,  266  bytes  per  sector  format.  With  26  sectors  per  track  and  77 
tracks  per  side  this  yielded  a  total  capacity  of  about  one  million  bytes.  Hie  Western 
Digital  1797  was  chosen  because  it  was  widely  used  and  readily  available. 

When  formatting  a  disk  tm  this  machine  a  lead  from  the  test  point  on  card  ’A’ 
to  pin  6  on  the  rear  CPU  connector  was  required,  niis  enabled  the  laogram  to 
•ynchronise  with  the  DMA  system  without  the  overhead  of  another  counter.  TUs 
additional  overhead  would  have  made  it  difficult  to  get  the  program  to  run  fast 
enough. 

Using  the  DMA  controller,  date  was  transferred  from  a  specific  sector  on  the 
load  disk,  via  the  disk  controller,  to  the  DMA  latch  one  byte  at  a  time.  Transfer 
from  the  DMA  latch  to  memory  occurred  one  16-bit  word  at  a  time.  As  each  byte 
was  received  and  assembled  by  the  1797  (at  intervals  of  about  16  microseconds)  the 
controller  examined  MEMBN  for  availability  of  the  memory  bus.  When  the  bus 
became  available  (in  less  than  2  microseconds)  a  word  transfer  to  memory  took 
place. 


The  DMA  latch  had  16  bit  capacity  organised  as  two  one-byte  latches,  and 
incoming  data  bytes  were  moved  sdtemately  to  one  or  the  other  of  these  latches. 
The  DMA  address  counter  and  the  latch  controls  were  so  arranged  that  as  soon  as  a 
byte  of  data  had  been  accepted  by  the  latch  the  current  16  bit  words  of  data  were 
transferred  only  when  the  byte  count  and  address  count  were  even.  When  the  logical 
byte  count  was  odd  only  one  byte  of  the  transferred  word  was  valid.  The  other  byte 
was  eithm-  rubbish  or  carry  over  from  the  previous  word.  The  words  transferred  on 
odd  counts  were  eliminated  from  memory  by  being  overwritten  when  the  even  count 
words  were  transferred  (NB:  As  the  physical  counter  started  from  0,  ’odd’  transfer 
occurred  when  it  showed  even  number,  and  vice  versa). 

SUI.4  Teletype  card 

The  calendar  clock  (MSM5832),  interrupt  controller  (TMS9901>  and  two 
asynchronous  commimication  controllers  (TMS9902)  were  mounted  on  this  card. 
Three  nickel-cadimium  button  cells  mounted  on  the  card  provided  power  to  the  clock 
for  a  period  of  up  to  three  months  without  re-charging,  so  that  the  clock  settings 
were  maintained  even  when  the  card  was  removed  from  the  system.  These  cells 
were  automatically  charged  whenever  mains  power  was  ai^lied  to  the  system. 

Only  6  levels  of  interrupt  were  implemented  in  this  system: 


Level  9 
Level  1 
Level  3 
Level  6 

Level  7 


reserved  for  the  reset  function 

used  to  signal  a  safety  circuit  latch  trip 

iised  to  signal  to  end  of  a  timer  period 

used  by  the  asynchronous  communication  controller  serving  the 
TTY  port 

used  by  the  asynchronous  communication  controller  serving  the 
AUX  port 
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8AA  Big  intflcfaoe  catd 

Tlw  major  component  on  this  card  was  a  DACSO  digital-to-analogue  ccmverter 
uaed  to  provide  the  analogue  voltage  commands  for  the  servo  amplifiers,  the  DAC80 
had  industry  standard  pin-outs  and  was  available  from  a  number  of  manufacturers. 
To  permit  <q>eration  from  12  volt  supply  rails  the  DAC  was  configured  for  t  6  volt 
out^t  for  fiill  scale  input. 

The  communication  register  unit  (CRD)  of  the  control  processor  was 
connected  to  the  external  system  by  circuits  on  this  card.  Single  bit  signals  were 
uaed  to  ccmtrol  some  system  functions  and  to  monitor  their  condition.  These  signals 
either  arose  in  the  CRU  or  were  returned  to  it  for  tests. 

A  currently  unused  connector  SK.4  mounted  on  this  card  provided  direct 
access  to  the  2’s  complement  digital  command  signal  applied  to  the  input  of  the 
DAC80. 

8.3.6  Memory  card 

This  card  carried  the  battery  backed  CMOS  memory  chips  used  to  ensure 
retention  of  test  status  in  the  event  of  system  power  failure.  The  memory  chips 
were  74C921/NMC65S2,  selected  for  low  standby  current  and  ready  availability. 
When  mains  power  was  removed  the  memory  was  maintained  by  a  battery  of  three 
B160T  cells  (as  used  on  the  teletype  card).  This  battery  enabled  the  0.6K  lytes  of 
CMOS  memory  to  provide  reliable  storage  of  data  for  considerable  periods  of  time. 

The  remairung  circuitry  on  this  card,  in  addition  to  preventing  loss  of  stored 
data  during  power  up/down  cycles  also  provided  address  decoding,  data  buffering  arxl 
timers  for  CMOS  memory  control. 

8.4  Big  Monitor  Module 

This  module  contained  the  bulk  of  the  system’s  analogue  circuitry.  It  was 
constructed  around  the  existing  Mark  2A  servo  amplifier.  Refer  to  Ref.  2  aird 
drawing  PL66474.  The  major  functional  areas  of  the  module  other  than  the  servo 
amplifier  were  as  set  out  in  the  following  paragraphs.  To  simplify  the  manufacturing 
these  functions  were  implemented  on  a  single,  large  horizontal  printed  circuit  board. 

(1)  Bridge  Excitation.  Independent  high  stability,  preset  constant  current  supplies 
were  uaed  to  energise  the  two  strain  gauge  bridges  on  the  system  load  cell. 

(2)  Low  Level  Amplifiers.  Low  drift,  high  gain  iiutrumentation  amplifiers  were 
used  to  raise  the  level  of  strain  gauge  bridge  signals  to  that  of  the  input 
commands. 

(8)  Command  Amplifier.  This  amplifier  was  used  to  raise  the  ±6  volt  DAC  output 
command  signal  to  the  tlO  volt  input  signal  range  of  the  servo  amplifier. 

(4)  Null  Detector.  When  both  amplified  feedback  and  monitor  strain  gauge  bridge 
signals  were  within  preset  bends  about  the  command  signal  value 
corresponding  null  signals  were  produced.  A  composite  null  signal  was  passed 
to  the  Load  Program  Module  only  when  both  these  null  signals  were  present. 

(6)  Bridge  fategritv  Check.  Relay  circuitry  placed  {»«-selected  shunt 
’(Calibration’  registers  across  one  arm  of  each  of  the  strain  gauge  bridges. 
This  check  permitted  verification  of  correct  operation  of  the  above 
components,  the  DAC  and  the  input  cabling. 
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(6)  Local  Monitoriny.  One  of  a  number  of  variablaa  could  be  manually  selected 
and  displayed  on  a  panel-mounted  digital  voltmeter  having  a  aae  milli-volt 
resolution. 


SJi  HSfdEBidie  Modde 


When  this  module  was  designed  the  practice  was  to  jwovide  reduced  pressure 
and/or  flow  at  start-up,  and  rig  lock-up  on  specimen  failure.  The  module  therefore 
made  ptovisidn  for  the  control  of  the  following  valves: 

Dump  Valve  -  This  valve  allowed  the  return  of  oil  through  the  valve  pack  to 
tank. 

Supply  Valve  -  This  valve  allowed  oil  to  reach  the  valve  pack  from  the  supply 
main. 

Hij^  Pressure  Valve  -  This  valve  allowed  full  pressure  to  be  applied  by  by- 
passing  the  pressure /flow  regulator. 

Actuator  Release  Valve  -  This  valve  allowed  oil  to  flow  between  valve  pack 
and  loading  actuator. 

These  valves  were  assumed  to  have  240  volt  AC  solenoids,  and  to  minimise 
electrical  interference,  switching  was  by  means  of  photo  isolated,  sero-crossing 
relays.  These  switching  relays  were  controlled  from  an  interlocking  circuit  with 
inputs  from  manual  push  buttons,  limit  travel  micro-switches,  servo  amplifier  error 
detectors,  and  emergency  stop  buttons  as  well  as  from  the  Load  Program  Module. 

The  circuits  of  this  module  and  those  of  the  Load  Program  and  Rig  Monitor 
Modules,  but  excluding  the  servo  amplifier,  were  all  powered  from  linear  DC  power 
supplies  in  the  Hydraulic  Module.  The  sui^lies  were  -12,  -MS,  ■•■12  and  'f24  volts,  all 
with  respect  to  one  digital  common,  for  the  digital  circuitry;  and  ±16  volts  with 
respect  to  a  floating  analogue  common  for  the  amplifieta  and  other  analogue 
drcttits.  The  analogue  ar;d  digitcd  commons  were  cormected  together  at  a  single 
point  on  the  rig  interface  card  in  the  Load  Program  Module. 


4.  STSIEM  SOFTWARE 

Two  distinct  packages  of  software  could  be  recognised;  a  facilities  package 
with  identical  copies  being  located  in  both  Load  Programmer  Module  attd  Data 
acquisition  Module,  and  individual  applications  packages. 

4JL  The  Facilities  Padtage 

Each  of  the  system  microcomputers  had  a  simplified  operating  system  TDOS4 
installed  in  EPROM.  Each  of  the  facilities  provided  by  TD064  could  be  used  by  the 
operator,  and  some  could  be  called  by  the  applications  pockage.  To  call  up  a  facility 
the  operator  was  required  to  type  the  character^peir  associated,  on  a  teletype  or 
similar  RS-232  terminal  coiuiect^  to  the  TEST  port  on  the  front  of  the  module  aixl 
set  to  4.8K  baud  or  below.  While  most  of  the  following  facilities  were  used  in  setting 
up  the  system,  or  for  testing  or  amendment  of  application  programs,  several  were 
called  directly  by  the  applications  program.  Reading  from  and  writing  to  disk  were 
examples. 


Hie  facilitiea  package  provided  19  routinea  as  deacribed  ia  the  following 
paiagrapha: 

(1)  Help  -  HE 

Hiia  routine  provided  a  printed  list  of  all  the  facilitiea  available  to  the 
operator. 

(2)  Read  Disk  -  RD 

Hiis  routine  read  a  sector  from  the  disk  and  transferred  it  to  RAM  starting  at 
a  given  RAM  address.  In  response  to  ’B*  the  operator  typed  a  hesadecimal 
number  from  0  to  FAS  followed  by  Carriage  Return,  theraby  specifying  the 
sector  to  be  read.  In  77  tracks  with  sectors  in  each,  on  both  sides  ot  the 
disk  4004  sectors  were  recorded. 

In  response  to  *P*  the  operator  typed  a  hexadecimal  number  to  specify  the 
start  address  in  RAM  where  the  sector  was  to  be  loaded.  This  start  address 
had  to  be  on  a  256  byte  boundary  i.e.  hexadecimal  100,200,300  etc.  It  was 
necessary  to  remember  that  any  program  already  present  in  this  section  of 
RAM  would  be  destroyed. 

After  a  short  interval  for  reading  and  transfer  of  data  the  system  printed  a 
number  from  0000  to  0003. 

If  the  number  was  0000  the  transfer  had  been  completed  satisfactorily. 

If  the  number  was  0001  the  system  had  been  unable  to  run  the  disk. 
Check  that  the  disk  was  properly  mounted. 

If  the  number  was  0002  a  Seek  Error  had  occurred.  System  Reset  and 
retry  would  be  required. 

If  the  number  was  0003  the  requested  sector  was  not  found. 

If  System  Reset  and  retry  also  failed,  disk  formatting  errors  would  be 
suspected. 

(3)  Write  Disk  -  WD 

This  routine  wrote  data  to  the  disk  sector  spedfled  by  the  operator  in 
response  to  the  prompt  ’B’.  The  data  to  be  transferred  to  disk  would  be  taken 
from  a  block  of  266  bytes  of  RAM  starting  from  the  hexadecimal  address 
input  by  the  operator  in  response  to  prompt  ’P’.  This  command  was  properly 
executed  only  when  any  ’disk-write’  protection  was  disabled. 

The  starting  address  in  RAM  had  to  be  on  an  even  266  byte  boundary.  After  a 
short  interval  the  system  responded  with  a  number  from  0000  to  0003  where 
the  numbers  had  equivalent  meanings  to  those  given  for  the  Tlead  Disk* 
routine. 
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<4)  Format  Disk  -  FD 

Great  care  wcm  neceesary  in  the  uee  of  this  routine  because  any  data  on  the 
disk  at  the  time  the  routine  was  called  would  be  automatically  and 
irrecoverably  destroyed.  With  some  disks  it  was  necessary  to  attach  a  write- 
enable  tag  before  anything  could  be  written  on  the  disk.  lUs  routine 
formatted  8  inch,  double  aided,  double  density  disks  to  give  26  sectors  in  each 
of  77  tracks  on  both  sides  of  the  disk.  The  format  was  IBM  System  84-266 
bytes  per  sector,  described  in  Appendix  2. 

To  reduce  the  possibility  of  accidental  loss  of  data  the  ^tem  asked  for 
confirmation  whenever  it  received  TD’  by  printing  TD?*.  To  continue  the 
operator  had  to  type  ’Y*.  any  other  character  would  abort  the  routine.  Several 
minutes  were  required  to  completely  format  the  disk,  and  when  the  process 
terminated  the  system  prompt  ’#*  was  printed. 

(5)  Load  Disk  -  LD 

This  routine  was  provided  for  those  users  without  compatible  8  inch  floppy 
disk  systems  on  their  main  computer.  It  permitted  the  transfer  of  properly 
formatted  loads  data  from  a  central  computer  to  a  disk  in  the  Load  Program 
Module.  The  transfer  took  place  over  an  RS-232  link  into  a  266  byte 
temporary  buffer  in  the  module.  The  central  computer  was  required  to  send  a 
sector  of  data  in  response  to  each  ASCII  *8’  from  the  Load  Program  Module. 

The  RS-232  line  was  connected  to  the  AUX  port  of  the  Load  Program 
Module.  Both  central  computer  and  module  had  to  be  set  to  the  same  baud 
rate.  The  default  rate  for  the  module  was  9.6.K  baud,  and  if  the  central 
computer  required  the  use  of  some  other  rate  reference  should  be  made  to 
Appendix  4. 

(6)  Disk  Address  -  DA 

This  routine  supplied  the  operator  with  the  current  address  of  the  disk  heads. 
In  response  to  DA’  the  system  printed  six  numbers  each  of  two  characters. 
First  the  track  number  starting  from  00,  then  the  side  number  00  or  01, 
followed  by  the  physical  sector  number  starting  from  01.  This  should  not  be 
confused  with  the  block  (sector)  numbers  gdven  in  response  to  ’B’  in  READ 
DISK  and  WRITE  DISK  which  started  from  zero.  The  fourth  number 
represented  sector  length.  For  266  byte  sectors  the  number  was  01.  The 
remaining  numbers  were  cyclic  redundancy  check  characters  and  could  be 
ignored. 

(7)  Read  Console  -  RC 

There  were  three  RS-232  ports  on  the  Load  Program  Module  and  on  the  Data 
Acquisition  Module.  The  TEST  port  mounted  horizontally  on  the  front  of  the 
module  was  used  to  call  up  these  routines.  The  two  remaining  ports  were  on 
the  back  of  the  module  and  labelled  TTY  and  AUX  respectively.  TTY  was  the 
Console  port  and  AUX  the  Auxiliary  port.  When  the  operator  input  ’RC*  on 
the  'TEST  port  terminal  the  system  waited  for  a  character  to  be  input  at  the 
Console  CITY)  port.  Any  character  input  on  the  Console  was  then  typed  on 
the  TEST  terminal. 
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(8)  Write  Console  -  WC 

niis  routine  was  similar  to  ’RC*  but  (H^ted  on  the  (Console  terminal  any 
character  which  was  input  on  the  TEST  terminal. 

(9>  Read  Auxiliaiy  -  RA 

As  for  the  *RC’  routine,  the  character  was  input  at  the  AUX  port  terminal  and 
printed  on  the  TEST  terminal. 

(10)  Write  Auxiliary  -  WA 

As  for  TIA’  routine,  a  character  input  on  the  TEST  terminal  was  printed  on  the 
AUX  port  terminal  from  the  TTY  and  AUX  port  terminals,  Refer  to  Appendix 
4,5. 

(11)  Set  Bit  -  SB 

This  routine  set  to  one  or  cleared  to  0  any  specified  output  bit  on  the 
(Communication  Register  Unit  (CRU).  The  command  format  was: 

.  SB’,  bit  number  (expressed  in  hex),  space,  required  state  of  bit  (0  or  1) 
and  carriage  return. 

For  this  routine  all  CRU  bits  were  numbered  relative  to  base  0. 

(12)  Test  Bit  -  TB 

This  routine  permitted  the  examination  of  any  CRU  input  bit.  The  operator 
typed; 

TB’,  bit  number  (in  hex)  and  a  space.  The  system  typed  a  1  or  a  0 
depending  upon  whether  the  nominated  bit  was  set  or  cleared. 

Bits  were  numbered  relative  to  base  0  as  for  SB’. 

(13)  Set  Clock  -  SC 

Both  microcomputers  had  calendar  clocks  which  indicated  date  (day,  month 
and  year),  and  time  (hours  and  minutes).  In  response  to  SC’  the  system  typed: 

DDMM  YY-HHMM 

'The  operator  inserted  a  character  under  each  letter  using  leading  zeros  where 
necessary  to  initialise  the  clock.  The  system  repositioned  the  terminal 
carriage  after  each  entry  and  the  operator  was  not  required  to  input  any 
spaces  or  carriage  returns. 

Note;  DD  is  Day,  MM  is  Month  and  Minutes,  YY  is  Year  and  HH  is  for  Hours. 

(14)  TIME  -  TI 

In  response  to  ’TT  the  system  typed  the  current  reading  of  the  clock  in  the 
format  given  above,  with  leading  zeros  retained. 


(15)  Aadieas  Modifier  -  AM 


niia  routine  permitted  the  examination  of  any  word  in  memory  and  the 
alteration  of  words  in  RAM.  Ihe  operator  typed  ’AM*  followed  by  the 
hexadecimal  address  of  the  first  memory  location  to  be  examined,  followed  by 
a  space.  This  was  a  word  based  routine  and  the  hexadecimal  address  had  to  be 
an  even  number.  Once  ‘space’  was  typed  the  system  printed  the  contents  of 
that  memory  location  as  four  hexadecimal  characters.  R  ’apace’  was  again 
typed  the  contents  of  the  next  memory  location  would  be  printed  and  so  <».  If 
the  word  in  any  memory  (RAM)  location  was  to  be  changed,  the  typing  of 
’qpace’  following  the  presentation  of  the  location’s  curroit  contents  was 
pos^ioned  until  the  required  contents  had  been  typed.  Ibe  contents  were  not 
changed  until  the  foUowiirg  ’^ce’  was  typed.  The  word  then  diapbomd  was 
the  contents  of  the  next  memory  location,  irot  the  amended  location.  To  exit 
’AM’  the  operator  typed  either  Carriage  Return  or  Break. 

(18)  Cycle  -  CY 

This  routine  checked  the  operation  of  the  Digital-to-Analogue  converter  of 
the  Load  Program  Module  and  the  Analogue-to-Digital  converter  of  the  Data 
Acquisition  Module.  For  the  DAC  a  waveform  was  generated,  and  for  the 
ADC  an  8-channel  ’Read’  was  performed  with  the  readings  printed  on  the 
TEST  terminal.  'The  routine  assumed  both  converters  were  present  but  tan  for 
either.  It  was  a  continuous  process  and  could  be  terminated  only  by  pressing 
the  module  reset  button. 

(17)  GO-GO 

’Go’  had  to  be  followed  by  a  memory  address.  Ibis  routine  switched  the 
program  counter  to  that  address  to  b^fln  execution  of  program  code.  It  was 
usefiil  in  program  development  with  a  TEST  terminal  but  was  not  required  in  a 
woiking  system.  For  example  ’(30  BOOO’  would  begin  operation  of  the  load 
programmer. 

(18)  Load  Ihrogram  -  LP 

Ibis  routine  transferred  program  or  data  from  a  source  computer  to  RAM  in 
either  the  Load  Program  Module  or  the  Data  Aoquisiti(»  Module  using  an  RS- 
232  line  cormected  to  the  module’s  TEST  port.  Both  computer  and  module  had 
to  be  operating  at  the  same  baud  rate,  sind  the  data  to  be  transferred  had  to 
be  in  the  Technico  Dump  format.  This  format  required  the  data  to  be 
preceded  by  a  4-ASCn-character  starting  address  followed  by  a  colon, 
followed  by  a  ’space’.  The  data  was  required  to  be  in  pairs  of  AS(}II 
characters  separated  by  spaces  with  each  pair  representing  one  byte. 

Ibe  source  computer  file  to  be  transferred  had  to  begin  with  ’LP’  to  instruct 
the  module  to  take  the  data.  Any  characters  between  ’LP’  and  the  four  ASCII 
address  characters  immediately  before  the  colon  were  ignored.  Tbe  transfer 
of  data  continued  until  the  source  computer  stopped  sending,  and  the  data  was 
stored  sequentially  in  the  module.  Once  transmission  of  <fota  was  complete 
the  source  computer  could  send  a  ’Break’  command  or  the  operator  could  press 
the  module’s  reset  button,  to  recover  the  system  prompt. 
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09)  Dump  Disk -DD 

Hie  following  commnnd  waa  witered  by  an  RS-282  terminal  or  computer 
connected  to  the  TEST  port: 

•DDN* 

where  ’N’  waa  any  hexadedmal  number  from  1  to  FAS,  and  apedfied  the 
number  of  aectora  to  be  tranaferred  from  the  floppy  diak  to  the  device 
attached  to  the  AUX  port  of  the  relevant  module.  The  tranafer  ataited  ftom 
the  firat  aector  and  continued  until  the  required  number  of  aectora  had  been 
moved.  There  waa  no  demarcation  between  aecton.  The  data  output  at  the 
AUX  port  waa  in  ASCD-ooded  hexadecimal  an  could  be  printed  aa  hexadecimal 
on  a  receiving  terminal.  Thia  routine  waa  arranged  to  accept  X-ON  (CTRL  Q) 
and  X-OFF  (CTRL  S)  algnala  from  the  receiving  terminal,  or  computer,  to 
regulate  the  flow  of  data. 

4.2  Load  Programmer  Applieatian  Package 

Application  aoftware  waa  provided  for  the  Load  Program  Module  and  for  the 
Data  Aoquiaition  Module.  The  abbreviated  flow  charta  in  thia  report  were  deaigned 
to  highlight  major  functiona  only,  and  much  detail  waa  omitted.  Complete  flow 
charta  and  annotated  aource  liatinga  were  produced  and  reference  ahould  be  made  to 
Appendix  8  for  additirmal  information.  Application  aoftware  for  the  load  Program 
Module  waa  aubdivided  into  three  aoftware  modulea: 

.  Ihe  interactive  atart-up  aequence. 

The  excuraion  generator,  program  monitor. 

Miacellaneoua  utilitiea  for  peripheral  communication  and  interrupt  handling. 

4.XL  The  interactive  atart-up  aequence 

On  power-up,  or  following  a  manual  ayatem  reaet  the  prooeaaor  automatically 
reatarted  at  the  beginning  of  thia  aequence.  The  meaaagea  uaed  by  the  ayatem  to 
direct  the  operator,  to  inform  the  curator  of  faulta  and  to  log  teat  atatua  were  alao 
in  thia  aoftware  module. 

Theae  meaaagea  were  aet  out  in  Ai^iendix  7  and  reference  Miould  be  made  to 
the  flow  chart  In  Figure  2.  In  thia  atart-up  aequence  the  ayatem  teated  the  validity 
of  data  atored  in  battery-backed  CMOS  RAM  by  checking  a  abort  RAM  aequence 
againat  the  aame  aequence  atored  in  ROM. 

The  program  header  on  the  diak  currently  mounted  in  the  diak  drive  waa 
printed  out  to  identify  thia  load  program  to  the  operator,  and  the  operatw  could 
change  diaka  if  required.  Once  the  required  load  program  waa  mounted  and 
confirmed  by  the  operator,  an  automatic  teat  of  feedback  gain  waa  made  to  enaure  it 
waa  correctly  aet  to  produce  the  loads  specified  by  the  program.  For  this  purpose 
each  program  header  had  a  Span  Data  word  which  aet  out  the  command  magnitude  to 
be  applied  to  the  DAC,  and  the  number  of  the  shunt  ’Calibrate’  relay  to  be  operated 
to  produce  a  simulated  equivalent  load  signal.  IT  the  feedback  null  failed  to  set  the 
feedback  gain  waa  assumed  to  be  in  error  and  requiring  adjustment.  The  system 
printed  ’Span  Error*. 
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Tbe  formats  for  pracn>»  header,  fli|^t  header  and  tuninc-point  load  values 
were  as  set  out  in  ^ipendix  12  which  also  contained  a  general  format  specification 
for  the  loads  disk.  If  the  oontroUw  qmn  was  appropriate  for  the  loads  disk  the  next 
stm>  in  the  sequence  required  the  operator  to  select,  or  reject  data  logging, 
according  to  dreumstanees  and  the  current  status  at  the  test.  When  data  logging 
was  required  the  start-up  software  would  interrogate  the  Data  Acquisition  Module 
(DAM)  to  establish  its  proper  operation.  When  the  DAM  was  on-line  the  program 
header  would  be  sent  to  it  for  recording  on  the  ouQmt  data  disk. 

A  test  run  could  start  from  the  beginning  of  a  loads  program  or  from  a  point 
reached  in  an  eariier  run.  Sufficient  data  to  define  the  point  reached,  namely 
tumiag-polat  counter,  flight  count  and  prcMpram  count,  was  stored  in  battery  backed 
CMOS  RAM.  However,  if  a  restart  was  requested  this  data  would  be  lost  with  the 
clearing  of  the  counters.  To  avoid  unintentional  loos  of  test  status  the  operator  was 
asked  to  confirm  any  restart  request.  Once  the  conditions  for  restart  had  been 
determined  the  teat  status  was  sent  to  the  DAM,  if  that  module  was  on  line,  to  be 
recorded  on  the  output  data  disk. 

At  poweiMq)  the  load  program  dlMc  drive  was  set  to  the  start  of  the  disk  to 
read  out  the  program  header.  If  a  restart  was  subsequently  requested  the  drive  was 
then  correctly  placed  to  read  the  header  of  the  first  flight.  If,  however,  a 
continuance  from  a  point  reached  in  an  earlier  ran  was  required  the  disk  had  to  be 
searched,  first  for  the  required  flight  and  then  for  the  required  turning  point  in  that 
flight.  As  each  flight  header  was  detected  the  flight  number  and  number  of  turning 
points  in  the  fli^t  were  transferred  to  two  single-word  buffers,  FLTBUP  for  the 
flight  number  and  TPBUF  for  the  number  of  turning  points.  The  contents  of  FLTTUF 
and  TPBUF  were  then  compared  with  the  contents  of  the  counters  in  CMOS  RAM, 
FLTCNT  and  TPCMTT.  to  confirm  the  required  flight  had  been  located.  Having 
located  the  start  of  the  required  flight,  sectors  were  transferred  progressively  to  the 
RAM  buffer  until  that  containing  the  required  turning  point  was  in  the  buffer.  The 
buffer  pointer  was  then  advanced  to  that  turaing  point,  and  the  system  was  ready  to 
proceed  to  the  next,  and  last,  step  in  the  start-up  sequence. 

The  system  checked  external  fault  indicators  and  if  these  were  clear  it 
enabled  the  hydraulics  and  directed  the  operator  to  turn  them  on.  Once  hydraulics 
were  applied  the  DWELXi’  command  was  issued  to  the  servoUx^,  the  latch  safety 
system  was  enabled  and  a  STOP  flag  was  set.  This  terminated  the  start-iq>  sequence 
and  the  first  module  of  the  application  program. 

4.S.S  The  excntekm  generator,  program  monitor 

The  second  software  module  had  three  major  sub  routines,  BEQIN,  EXCUR 
and  TERM;  and  two  minor  sub  routines  SQNMP  aikd  T8TMD.  Reference  should  be 
made  to  the  flow  chart  of  Figure  3. 

SGNMP  used  the  current  and  next  turning  point  values  to  determine  whether  the  next 
excursion  would  be  positive  or  negative  going,  and  what  the  command  value  would  be 
at  the  mid-point  of  this  excursion. 

TSTMD  used  the  next  command  increment  and  the  current  command  value  to 
determine  whether  this  increment  would  advance  the  command  beyond  the  mid-^int 
value.  It  calculated  the  difference  between  current  command  and  mid-point  value 
and  compared  this  difference  with  the  value  of  the  next  increment.  If  the  difference 
was  greater  than  the  increment  the  increment  was  used,  but  if  the  difference  was 
smaller  the  increment  was  discarded  and  twice  the  difference  was  added  to,  or 
subtracted  from,  the  current  command.  Once  the  mid-point  command  value  was 
passed  a  MIDPOINT  flag  was  set. 


When  apidyiiv  the  load  program  the  aystem  cycled  oontiamoiMly  throng 
BEOS,  BXCUB  and  TERM.  BEGON  b^oce  atartiiig  the  excanion.  EXCUR  wfaUe 
generatiat  the  ezcuteioa  and  TERM  when  the  command  has  reached  the  next  turning 
point  value. 

BBCaW  when  entered  either  from  the  Start-Dp  Sequence  or  from  TERM  teeted  the 
STOP  flag.  This  flag  was  set  in  the  start-up  sequence  and  might  be  set  between  one 
excursion  and  the  next.  See  Comments  mate  under  TERM.  When  the  STOP  flag  was 
found  set  massage  MIS  was  printed  requiring  an  operator  response  in  under  tea 
seconds  to  avoid  autonmtic  shutdown.  The  options  available  to  the  operator  were: 

(1)  Continuous  cycling 

(SO  A  alagie  excursion  with  a  hold  at  the  next  nimlng  point. 

(8)  A  waiting  state  with  no  action  by  the  system. 

(4)  Autonuktic  shutdown  on  timeout. 

Details  of  message  MIS  and  all  other  messages  were  set  out  in  ^jpendix  7. 

If  an  appropriate  operator  command  was  received,  or  the  STOP  flag  was  not 
set,  the  next  turning  point  value  was  read  from  the  load  command  buffer  and  the 
buffer  pointer  advanced  to  the  following  load.  If  this  pointer  now  indicated  the  first 
addrees  beyond  the  end  of  the  buffer  a  SECTOR  flag  was  set. 

Following  the  end  of  buffer  test,  a  test  for  control  loop  null  was  mate  and 
continued  until  the  null  was  found  to  be  set  or  the  time  provMed  for  system  null 
expired.  If  the  null  did  not  set  within  the  prescribed  time  SHUT  IX)WN  was 
aatoBtatic.  tf  the  DAM  was  in  use  data  readings  were  mate,  whether  the  mill  was 
achieved  in  time  or  not,  before  any  other  action  occurred.  Each  time  a  set  of  data 
readings  were  made  it  was  prefixed  with  the  load  command  value  being  attempted. 

With  the  null  achieved  the  next  turning  point  value  was  used  to  calculate 
excursion  direction  and  mid-point  command  vtdue.  Tbe  DWELL  command  was 
removed  and  the  system  entered  the  excursion  generator  EXCUR. 

EXCUR  generated  the  series  of  command  steps  which  together  mate  up  an  excursion 
and  which,  when  ouHmt  through  a  DAC,  became  the  input  voltage  command  to  the 
analogue  load  control  servo  loop.  Tbe  excursion  was  created  by  adding  command 
increment  vahiee  to,  or  subtracting  them  from  an  accumulated  value  in  an  iiqnit 
buffer  feeding  the  DAC. 

Two  increment  types  were  used  in  generating  tbe  excursion,  those  which  were 
stored  in  a  table  in  ROM  and  used  to  i»oduf:e  the  non-linear  beginning  and  ending  of 
all  excurslms,  and  those  increments  which  had  a  single  constant  value  and  were  used 
to  generate  the  tamp  section  of  the  excursion.  The  system  generated  the  excursion 
by  first  taking  the  table  increments  one  at  a  time,  and  then  the  fixed  value 
incremmit  over  and  over  again  until  the  pre-calculated  mid-point  value  of  the 
excursion  was  reached.  Each  time  any  increment  was  transferred  to  the  DAC  buffer 
the  event  was  counted  until  the  mid-point  had  been  reached.  Beyond  tbe  mid-point 
the  increments  were  transferred  as  before  but  the  counter  was  decremented  for  eadi 
transfer  until  it  reached  zero.  This  count  provided  the  information  telling  the 
system  when  to  switch  from  fixed  value  elements  back  to  table  elements  to 
terminate  the  excursion. 


Tlw  rata  at  wldeh  ineramaata  wata  traaafarrad  to  tha  DAC  input  buffw  was 
oontrollad  Iqr  a  haidwara  tiaar  which  could  ba  aat  to  acfaiava  a  daaiiad  axcuiaioa 
alaw  rata.  Tha  ttahif  oo^  ba  arranged  if  naoaaaary  to  yield  a  alowar  alaw  rate 
wban  loading  changad  ai|^  ftom  tanaten  to  oompraaaion  for  axaapla.  The 
rahnilatioiia  to  dataraina  tha  bardwara  timer  aettlnga  for  a  particular  alaw  rate  ware 
diaeuaaad  in  Appandiz  6. 

Onca  tha  incraaMnt  counter  waa  back  to  aero  the  ayatam  left  EXCUR  and 
entered  TERM. 

TERM  aat  tha  DWELL  aignal  and  then  performed  tha  oparatiooa  djacnaaed  below. 
Rafatanoa  abould  ba  made  to  tha  flow  chart  of  Figure  4. 

(1)  Advanced  tha  turning  point  counter  by  one  and  compared  the  count  with  the 
number  in  TPBUF  to  teat  for  end  of  currmtt  fli^t.  M  the  end-of-flight  had 
been  reachad  tha  flight  counter  waa  advanced  and  a  aimilar  teat  made  for  md 
of  program.  Whan  tha  fli^t  counter  waa  advanced  the  turning  point  counter 
waa  cleared,  and  whan  the  program  counter  waa  advanced  the  flight  counter 
waa  cleared.  When  the  mtd-of-^light  condition  waa  detected  a  check  of  the 
TERMOR  flag  had  to  be  made  together  with  a  ^intout  of  the  current  status 
of  the  test.  If  tha  TERMOR  flag  was  set  the  current  flight  number  had  to  be 
compared  with  a  flight  number  stored  in  TRMFLT  buffer  to  sea  if  the  test  was 
to  stop  at  this  time.  If  this  was  the  terminating  flight  the  STOP  flag  was  set. 

(2)  Tested  the  8HUTTX)WN  flag  to  sea  if  the  last  excursion  was  to  zero  load.  If 
this  flag  was  sat  the  system  turned  off  the  hydraulics  and,  if  required,  read  a 
further  set  of  output  data  the  DAM.  M  the  SHUTDOWN  flag  was  not  set  a 
test  for  input  from  the  keyboard  was  made.  Keys  oould  be  struck  at  any  time, 
but  the  «»g»Mi«  ware  decoded  only  at  tha  completiaa  of  an  ezeuraion,  and  then 
only  two  commands  would  be  accepted  by  the  system.  These  commands  were: 

HD  (Hold)  -  would  stop  the  system  at  the  current  turning  point. 

TXX  (Terminate)  -  would  set  the  TERMOR  flag  and  store  the  flight 
number  XX  in  TRMFLT  buffer. 

Both  these  inputs  had  to  be  terminated  by  Carriage  Return.  The  check  for 
'HD'  was  made  at  every  taming  point  but  the  TERMOR  flag  was  checked  only 
at  end-of-flight.  H  'HD'  was  current,  or  the  current  flight  was  that  stored  in 
TRMFLT,  the  STOP  flag  was  set. 

(3)  Checked  the  SECTOR  flag,  and  when  it  was  set  cleared  it  before  reading 
another  sector  from  the  loads  disk  into  the  loads  buffer.  The  buffer  pointer 
was  reset  to  the  start  of  the  buffer.  At  the  end  of  each  fli|^t,  which  might 
occur  in  the  middle  of  a  sectw,  another  sector  was  transferred  to  buffer  and 
the  buffer  pointer  reset.  The  SECTOR  flag  was  ignored  in  this  case. 

(4)  Handled  the  end  of  a  program  as  for  the  end  of  a  flight  except  that  here  both 
taming  point  and  flight  counters  were  cleared. 

(5)  Minimised  the  possibility  of  disk  reading  errors  by  reading  each  sector  twice 
into  separate  buffer  and  compering  the  results.  If  there  was  disagreement  the 
process  was  repeated.  Refer  4.2.3.(10). 

After  completion  of  all  actions  found  necessary  in  TERM  the  system  returned 
to  the  start  of  BBOIN  and  the  process  was  repeated. 
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TIm  third  software  module  contained  eleven  support  routines  as  follows: 

(1)  A  routine  to  print  directions  and  fault  messages  on  a  tele^fpe.  When  switched 
to  a  second  UART  this  routine  directed  commands  and  data  to  the  DAll. 

(2)  Routines  to  handle  interrupU.  hatamipU  were  generated  hy  the  two  UART5 
in  both  sending  and  receiving  modes,  and  by  the  hardware  timer  on  completion 
of  preset  periods.  Ibe  keyboard  and  DAM  signal  internets  emplo]^  the 
same  handler.  A  separate  interrupt  handler  was  provided  for  the  timer. 

(S)  A  UART  control  routine  which,  by  employing  the  printer  and  keyboard 
routines  and  the  interrupt  handler,  controlled  the  flow  of  messages  to  and 
from  the  teletype  and  DAM. 

(4)  Keyboard  routines  were  used  to  control  acceptance  of  characters  from  the 
teletype  keyboard,  to  decode  these  characters  and  to  provide  suitable  flag 
signals  to  the  other  software  modules. 

(5)  Hardware  timer  routines  permitted  the  system  to  select  four  different  delay 
periods  and  to  signal  other  routines  when  the  selected  period  had  expired. 
Timing  was  important  in  excursion  genmation,  waiting  for  the  control  loop  to 
null  and  waiting  for  operator  responses  to  system  requests. 

(6)  A  routine  used  to  reset  the  DAC  and  release  shunt  selecting  relays  after 
automatic  system  ’Calibrations’. 

(7)  A  routine  to  convert  the  flight  and  prt^ram  headers  recorded  in  ASKSI  on  the 
load  disk  into  binary  data  for  system  use. 

(8)  A  test-etatus-log  routine  whic^  converted  binary  data  to  AEiCn.  This  routine 
provided  current-tumlng-point,  fl4d>t  and  program  numbers,  time-of-day  and 
date  in  ASCH  for  printing  on  a  teletype  and  recording  <»  DAM  disk.  It  also 
provided  an  ASCII  version  of  the  failing  command  i.e.  the  command  presented 
to  the  DAC  at  the  time  of  latch  interrupt.  This  failing  command  was  retained 
in  Register  R5. 

(9)  A  routine  to  check  the  flitht  header  and  to  transfer  data  in  the  header  i.e. 
flight  number  and  number  of  turning  points  in  flight  to  flight  buffer  FLTBUF 
and  tuming-iwint  buffer  TPBUF. 

(10)  A  routine  to  read  load  turning-point  data  from  the  loads  disk,  one  sector  at  a 
time,  into  RAM  buffets.  This  routine  called  TD06  facility  ’RD’  to  perform 
the  reading.  To  minimise  the  possibility  of  an  erroneous  transfer  of  turning 
point  data  a  double  reading  was  made  into  two  buffers,  and  the  contents  were 
compared  word  by  word.  If  a  disagreement  was  detected  the  douUe  reading 
was  repeated.  By  incrementing  a  special  counter  each  time  a  douUe  reading 
had  to  be  repeated,  a  measure  of  the  quality  of  the  disk  and  disk  drive  could 
be  obtained.  After  three  double  readings  of  a  sector  without  agreemmit 
between  the  two  buffers  the  system  printed  ’Disk  Error’  and  initiated  system 
shutdown.  This  routine  also  tested  the  disk  status  r^dster  to  ensure  the  disk 
reading  had  been  completed  without  error  in  the  data  read.  If  the  status 
register  was  not  zero  the  ’Disk  Ekror’  message  was  printed  and  the  system 
shutdown  as  before. 
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(11)  The  Mfety  latch  interrupt  handler  warn  entered  wbm  the  safety  latch 
tr4>ped.  The  latch  could  be  tripped  by  the  operator  acttwating  the  Emergency 
stop  buttons,  or  by  signals  indicating  one  or  more  of  the  following  parameters 
had  exceeded  their  set  limits: 

Servo  Elrror 

Applied  Load 

Actuator  Travel 

To  minimise  spurious  interrupts  arising  from  electrical  transients  this 
software  checked  the  duration  of  the  interrupting  signal,  it  was  less  than 
six  milliseoonds  the  interrupt  was  regarded  as  spurious  and  cancelled.  Jt  it 
was  longer  than  six  milliseoonds  the  system  shutdown  rapidly  with  hydraulics 
off  and  actuator  locked.  A  failing-command  log  was  printed  a^  idien 
required,  data  was  record  by  the  DAM. 

4.2.4  Operation  with  an  environmental  contrcdler 

To  make  provision  for  the  use  of  an  environmental  controller  with  the  load 
controller  a  flag  was  inserted  in  the  flight  header  extending  this  header  to  five 
words.  Refer  to  Appendix  2.  If  this  header  flag  was  set  the  program  would: 

(1)  Set  an  environmental  flag  ENVFLG  to  indicate  an  environmental  change  was 
required  at  the  end  of  this  fli^t. 

(2)  Set  the  TERMOR  flag  and  load  TRMFLT  buffer  with  the  current  flight 
number.  Any  current  terminating  conditions  were  saved  elsewhere. 

At  the  end  of  the  flight,  whcm  the  program  detected  a  terminating  condition 
with  the  environmental  flag  set,  a  signal  was  sent  to  the  environmental  controller 
requiring  that  controller  to  change  the  system  to  the  next  pre-set  environmental 
state.  The  load  controller  waited  for  whatever  time  was  required  to  adiieve  the  new 
envircmment  and  then  printed  the  end-of-fl4d>t  log.  It  then  proceeded  with  the  next 
loeding  flight  in  the  sequence. 

Jt  the  operator  requested  a  stop  at  the  end  of  a  flight  for  which  an 
environmental  change  was  required  that  stop  would  be  ignored. 


5.  THE  DUAL  SYSTEM 

It  was  possible  to  couple  together  a  number  of  stand-alone  controllers  in  a 
single  master,  multiple  salve  configuration.  However  this  arrangement  was  regarded 
as  a  means  for  the  operation  of  only  a  small  number  of  single  channel  stand-alme 
controUars  in  parallel,  and  not  as  an  appropriate  solution  to  the  more  general  multi¬ 
channel  system  reqmrements.  For  even  a  small  number  of  controllers  the 
arrangement  to  be  described  was  regarded  as  an  interim  rather  than  a  final  solution. 

The  two-channel  (dual)  systems  were  necessary  wherever  bi-furial  loading  was 
required,  and  to  date  two  such  systems  have  been  produced,  one  for  aircraft 
component  testing  and  one  for  fibre  composite  tests. 
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5J.  Hie  Doal  OaafigafaUoa 

Tlie  dual  controller  employed  two  complete  single  channel  stand-alone 
controllers  in  a  single  cabinet.  One  controller  was  designated  Master  and  the  other 
functioned  as  a  Slave.  Both  controllers  were  connected  to  a  common  bus  by. 
reqiectively.  Master  and  Slave  mode  modules.  Omc^tually  any  number  of  Slave 
controllers  could  be  connected  tbrougb  individual  Slave  mode  modules  to  this  bus. 
However,  in  practice  (^lerational  problems  would  be  likely  to  impose  severe  limits  tm 
the  number  of  Slave  units  used. 

Hie  Data  Acquisition  Module  (or  modules  if  more  than  eight  data  sensors  were 
required)  was  connect^  to  the  Master  Load  Program  Module  by  an  RS-282  cable 
between  the  AUX  port  of  the  Master  and  the  TTY  port  of  the  DAM.  Where  several 
dam’s  were  required  they  were  connected  in  Daisy  CSiain’  fashion,  AUX  port  of 
preceding  module  to  TTY  port  of  following  module.  The  Mm^de  toggle  swludi  located 
in  each  module  should  only  be  turned  on  in  the  last  module  to  Indicate  it  was  the  end 
of  the  chain. 

The  operator  controlled  the  dual  system  by  a  single  terminal  connected  to  the 
TTY  port  of  the  Master  module.  Because  both  controllers  were  constrained  to  keep 
in  step,  as  discussed  later,  progress  logs  for  the  Master  unit  were  indicative  of  the 
progress  of  the  complete  system.  However,  only  faults  arising  in  the  Master  unit 
could  be  reported  directly  by  the  teletype.  If  faults  occurred  in  the  Slave  unit  the 
system  would  stop  and  go  to  a  safe  reset  state,  but  to  identify  the  fault  causing  reset 
it  was  necessary  to  examine  error  flags  in  the  Slave  unit’s  RAM  memory. 

5S  Synchronisation 

To  maintain  synchronism  between  two  cycling  controllers,  the  load  turning- 
point  programs  for  both  had  to  contain  the  same  number  of  turning  points  althouidi 
the  magnitudes  of  corresponding  turning  points  could  be  quite  different.  To  meet 
this  requirement  it  could  be  necessary  for  one  or  the  other  controller  to  execute  a 
sequence  of  turning  points  all  at  constant  amplitude.  The  software  was  arranged  to 
meet  this  requirement. 

5.2.1  Mtialiaation 

During  initialisation  both  Master  and  Slave  units  moved  through  their 
respective  start-up  sequences  at  their  own  rate,  reporting  errors,  whenever  they 
were  encountered,  until  the  automatic  shunt  ’Calituation’  procedure  was  reached. 
Each  controller  could  select  one  of  two  shunting  resistors  but  the  selecting  relays 
were  controlled  from  the  Master  unit,  the  Slave  unit  waited  for  the  Master  to 
operate  this  relay,  after  which  it  applied  the  command  given  in  the  header  of  its  own 
load  disk.  If  the  wrong  disk  had  been  mounted  in  Master  or  Slave  the  test  for  null  at 
this  point  would  probably  fail,  proper  null  would  not  be  achiev^,  and  the  calibration 
command  would  not  be  cleared.  Failure  to  clear  this  command  would  prevent  the 
Slave  unit  proceeding  further  through  its  start-up  sequence.  If  the  automatic 
calibration  checks  were  completed  satisfactorily  the  two  units  then  searched  their 
load  disk  for  the  required  starting  point  loads.  If  the  Slave  unit  failed  to  find  its 
required  starting  point  within  a  limit^  time  after  the  Master  had  located  its  starting 
load,  the  latter  would  report  'Hydraulics  or  Slaves  Disabled’  and  shut  down. 
Otherwise,  if  both  units  were  ready,  the  Master  unit  would  enable  hydraulics  and 
wait  for  the  operator  to  apply  hydraulic  power. 
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&A9  liaad<9diBC 

Sjrnchroiiiflation  of  tho  load  excunlons  of  Master  and  Slave  units  was  achieved 
by  four  signals: 

NULL 

ACK 

MASTER  DWELL 

SLAVE  DWELL. 

NULL  was  a  hardwired  signal  aiul  tested  by  the  Master  unit  only.  This  NULL 
signal  was  asserted  only  when  both  Master  and  Slave  control  loops  had  brought 
respective  feedback  and  monitor  signals  to  the  null  condition. 

The  reoMiining  signals  were  software  controlled. 

ACK  was  asserted  by  the  Slave  unit  and  tested  by  the  Master.  ACK  was  set 
whenever  the  Slave  unit  was  ready  to  execute  another  excursion.  It  was  cleared  as 
soon  as  the  excursion  was  completed  and  SLAVE  DWEILL  set.  Once  ACK  had  been 
cleared  the  Slave  unit  proceeded  to  check  status,  read  a  sector  from  disk  where 
necessary,  cmd  fetch  the  next  turning  point  value.  It  would  then  set  ACK  again. 

MASTER  DWELL  was  set  by  the  Master  unit  after  it  had  completed  an 
excursion  and  the  Slave  unit  had  cleared  ACK.  Refer  to  the  flow  chart  of  Figure  6 
for  a  aimplifled  representation  of  die  operating  sequence  for  the  Master  and  Slave 
units.  Before  starting  an  excursion  the  Master  unit  had  to  see  with  MASTER  DWELL 
and  SLAVE  DWELL  set  (i.e.  DWELL  ERROR  not  set)  the  NULL  signal  set  and  the 
ACK  set.  Once  these  conditions  were  established  the  Master  unit  could  remove 
MASTER  DWEXL  and  excursion  to  the  next  turning  point.  Here  it  waited  for  the 
Slave  unit  to  remove  ACK  before  applying  MASTER  DWELL  and  preparing  for  the 
next  excursion. 

Before  starting  an  excursion  die  Slave  unit  waited  for  MASTER  DWEXL  to  be 
turned  off  indicating  the  Master  unit  was  about  to  start  an  excursion.  The  Slave  unit 
could  not  set  ACK  to  signify  its  readiness  to  perform  another  excursion  until 
MASTER  DWELL  was  set. 

The  MASTER  DWETjL,  SLAVE  DWETXi  and  ACK  signals  were  so  related  that 
the  units  had  to  excursion  together. 


6.  THE  DATA  AOQinSrnON  SYSTEM 

A  major  design  objective  of  this  system  was  to  avoid  some  of  the  problems 
associated  with  the  use  of  the  diunt  ’Calibration’  technique  as  the  basis  for  the 
determination  of  the  i^ysical  quantity  measured  (Reference  4).  To  this  end  the 
shunt  ’Calibration’  was  used  only  as  a  check  on  total  channel  repeatability.  The 
conversion  factor  used  to  obtain  physical  quantity  from  the  measured  signal  was 
arranged  to  be  a  function  of  sensor  excitation,  sensor  ’gauge  factor’  and  amplifier 
gain  only.  Care  was  taken  in  the  selection  of  components  and  in  circuit  design  to 
ensure  these  parameters  remained  stable. 
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Aa  pcevioiwly  indicated  one.  or  several  of  these  systems  could  be  used  alone  or 
with  a  stand-alone  controller.  ESa^  data  acquisition  system  comprised: 

Data  Acquisition  Module 

Eiight  Sensor  Amplifiers 

Amplifier  Termination  Box 
8J.  Data  AocpiisitaaB  System  Hardware 
6J.J.  Data  acquisition  module 

Ph3mically  this  module  was  a  copy  of  the  load  Program  Module  with  an 
internal  power  sui^y  added,  the  CMOS  memory  card  removed,  and  the  rig  interface 
card  replaced  by  a  data  acquisition  card.  The  added  complexity  of  an  internal  power 
sui^ly  was  justified  because: 

It  permitted  independent  operation  of  one  or  more  of  these  modules. 

It  ensured  adequate  power  would  be  available  irrespective  of  the  number  of 

modules  used. 

6J..S  Data  aoquisitiion  card 

This  card  was  designed  to  accept  eight  ±5  volt  analogue  inputs;  to  digitise 
these  inputs  and  to  transfer  them  to  the  system  bus.  Differential  analogue  signal 
inputs  were  provided,  but  common  mode  levels  were  limited  to  within  six  volts  of 
analogue  common  to  satisfy  the  specification  of  the  hybrid  data  acquisition  system 
(SMD  887  KQ).  The  eight  inputs  were  multiplexed  to  the  sample-end-hold  amplifiw 
driving  the  analogue-to-digital  converter  (ADC).  This  ADC  had  12  bit  resolution 
(about  0.03  per  cent  full  scale),  a  conversion  rate  of  about  20  000  single  channel 
readings  per  second,  and  an  output  code  format  of  ETs  complement  sign  extended, 
positive  true  binary.  The  digital  output  of  the  ADC  was  tri-state  buffered  to  the 
bus.  Information  for  the  input  multiplexer  was  written  to  the  card  at  the  same  bus 
address  as  that  used  to  read  the  ADC  output,  namely  SOlOj^g.  Writing  to  this  address 
initiated  a  conversion  which,  when  completed,  caused  the  most  significant  bit  of  the 
status  register  to  be  set  low.  This  status  register  was  accessed  by  reading  memory 
location  8014^^^. 

Commands  were  issued  by  writing  to  8014]^g.  In  particular  shunt  ’Calibrations’ 
were  asserted  by  setting  the  most  significant  bit  nich  at  that  location.  This  caused 
the  calibrate  control  line  to  be  driven  to  a  value  five  volts  below  the  amplifier  supply 
line  thereby  energising  the  calibrate  relay. 

The  remaining  circuit  on  this  card  contained  regulators  providing  ±8  volts  for 
the  sensor  amplifiers. 

6J.JS  Sensor  ampUfiers 

Each  amplifier  was  mounted  on  a  small  printed  circuit  card  designed  to  be 
attached  to  the  test  structure  bs  close  as  possible  to  the  active  sensor.  Each  card 
contained  an  instrumentation  amplifier,  bridge  completion  resistors,  a  shunt 
’Calibration’  circuit  and  a  sensor  supply. 
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For  a  givan  aanaor  oonfiguration  the  ratio  of  physical  quantity  to  amplifier 
output  voltage  could  be  adjusted  in  steps  by  means  of  a  link,  and  oontinnously  by 
varying  the  sensor  supply  voltage.  This  supply  could  be  varied  over  a  wide  range  by 
adjusting  Rvb,  a  supply  resistor  on  the  amplifiw  card.  (Drawing  No.  685S7-A2).  By 
providing  a  low  sup|dy  voltage  to  these  amplifier  cards  power  dissipation  was  kept  to 
a  minimum,  and  stability  and  reliability  enhanced. 

By  adjusting  sensor  volts  and  amplifier  gain  it  was  possible  to  make  the 
amplifier  output  direct  reading  in  the  physical  quantity  being  measured.  For 
example  with  strain  sensors  a  resolution  of  one  microstrain  and  a  range  of  -t-XM?  to 
-2048  microstrain  could  be  achieved.  The  shunt  ‘Calibration*  was  used  as  a  chedr  on 
system  rqpeataidlity  only.  The  resistor  used  was  selected  to  give  a  positive  output 
signal  at  the  output  of  the  amplifier  of  about  half  full  scale  (i.e.  2.4M8  volts).  The 
amplifier  card  also  provided  apace  for  fixed  initial-bnlance-ndjusting  resistors, 
whereby  partial  initial  balance  of  the  sensor  bridge  could  be  achieved. 

6.1.4  Amplifier  termiaatian  box 

Each  of  the  eight  amplifiers  of  an  installation  was  connected,  by  a  six-wire 
shielded  cable  to  a  screw-terminal  strip  in  this  termination  and  power  distribution 
box.  The  box  was  connected  to  the  data  Acquisition  Module  by  a  26-core  flat  ribbon 
cable.  This  box  facilitated  the  installation,  adjustment  and  trouble-shooting  of 
sensor  and  sensor-amplifier  circuits. 

6.2  Data  Acquiaitlaa  Softwaxe 

Although  this  softwsue  package  was  relatively  straightforward  it  provided  for 
the  operation  of  Data  Acquisition  M^ules  either  singlely  or  in  ’daisy-chained'  groups, 
with  control  from  a  Load  Program  Module,  terminal  or  master  computer. 

The  system  facilities  package  was  exactly  the  same  as  that  used  in  the  Load 
Program  Module.  Diarei^uding  the  general  housekeeping  functions  of  the  iq>plication 
package  the  remaining  software  accepted  and  executed  four  incoming  oomnuuids  and 
read,  tested  and  stored  sensor  data.  Source  listings  and  flow  charts  have  been 
prepared  and  the  sixteen  software  routines  provided  were  listed  in  Appendix  8. 

Both  input  commands  and  recorded  data  were  required  to  conform  to  the 
format  specification  given  in  Appmidix  2.  This  format  was  chosen  to  ensure  date 
recorded  on  disk  covM  be  recovered  for  presentation  and  further  analysis  with 
minimum  difficulty. 

6JL1  Jnput  commaads 

These  commands  were  in  ASCII  and  readied  the  Data  Acquisition  Module 
through  its  TTY  port.  E^ch  command  or  input  data  message  had  to  be  terminated  by 
’#*.  In  the  present  system  all  incoming  commands  and  data  arose  in  the  Load 
Program  Module.  The  commands  and  responses  were  as  follows: 

I#  This  was  the  interrogate  command.  It  caused  the  DAM  to  read  and  save  as 
zero  values  tiie  current  sensor  outputs,  and  to  perform  a  shunt  'CalibratiCHi’  of  all 
sensor  channels.  It  also  brought  about  an  automatic  determination  of  the  number  of 
active  sensor  channels  (which  must  be  less  than  or  equal  to  eight),  and  tested  all 
active  channels  for  sensitivity.  To  facilitate  the  determination  of  the  number  of 
active  channels  all  active  sensors  had  to  be  located  on  consecutive  positions,  starting 
from  position  one,  on  the  termination  box.  All  unused  inputs  required  ’Reverse’  cal. 
circuits  to  be  connected. 
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R:XXXX,#  Id  thia  oommaod  XXXX  waa  the  applied  load  command  in  ASCIL  Thia 
command  required  the  DAM  to  read  all  active  aenaor  channela,  correct  the  mndlngi 
for  initial  aero  valuea  and  atore  the  reaulta.  These  results  were  recorded  in  units  of 
the  physical  quantity  being  measured.  Each  aenaor  data  record  cm  the  disk  had  a 
header  containing  the  number  of  active  sensors  being  recorded  and  a  hexadecimal 
representatiott  ot  the  DAC  load  command  at  which  the  measurement  was  made.  This 
hqmt  command  could  also  have  the  form  R#  with  no  load  command  value.  Dummy 
load  command  values  were  inserted  automatically  for  this  form  of  command. 

<TEST  ME8SAQE  #  When  the  ASCII  V  was  received  the  DAM  would  regard  all  the 
following  characters  prior  to  *#*  as  ASCII,  and  store  them  as  a  message  on  disk.  This 
command  was  used  to  transfer  test  logs  a^  time-of-day  clock  outputs  onto  disk. 

T#  This  command  was  used  to  inform  the  DAM  that  no  further  readings  would  be 
requited,  and  that  any  data  currently  held  in  buffer  memory  should  be  transferred  to 
the  disk. 

6JL2  Data  storage 

Data  received  as  input  messages,  or  as  corrected  sensor  readings,  was 
accumulated  in  two  266  byte  RAM  buffers,  and  as  each  buffer  was  filled  its  contents 
was  autonratically  transferred  to  the  floppy  disk.  To  conform  with  the  format  rules 
of  Appendix  2  each  sector  had  to  start  with  a  number  from  1  to  8  or  the  ASCII  ’<*. 

Where  an  incoming  message  overflowed  from  one  buffer  to  the  other  the 
message  was  terminated  and  a  new  header  inserted  at  the  sector  boundary.  In  the 
case  of  the  sensor  data  the  length  of  each  record  was  known  and  if  the  next  reading 
would  overflow  the  buffer  boundary  the  current  buffer  was  closed  and  the  record 
written  into  the  empty  buffer.  Bach  sensor  data  record  bad  the  three-byte  header 
containing  number  of  active  channels  and  the  load  command  value. 

Hie  available  capacity  on  the  floppy  disk  was  limited,  and  continuous  record 
of  a  full  eight  channels  of  sensor  was  poeiible  only  for  very  short  runs.  Software  was 
provided  to  ensure  that  when  recording  was  restarted  after  an  inactive  period  the 
flint  DAM  record  would  be  located  at  the  start  of  the  sector  immediately  following 
the  sector  used  to  terminate  the  previous  run.  It  was  important  to  reset  the  DAM 
whenever  another  disk  was  used  to  ensure  a  search  for  the  end  of  any  earlier  record 
was  made,  and  the  sector  counter  was  properly  initialised. 


RE  Support  Hardware 


The  two  units  to  be  briefly  described  in  the  following  paragraphs  were  not 
considered  to  form  part  of  the  Data  Acquisition  System.  They  were  of  the  nature  of 
tools,  and  used  in  ^e  trouble  shooting,  setting  up  and  standardisation  of  indivkhial 
systems. 

gjkl  Bridge  amplifler  cwlihratioa  and  test  box 

Thia  test  box  contained  a  wheatstone  netwoik  for  connection  to  the  input  of 
the  sensor  amplifier.  Other  circuits  within  the  box  could  be  connected  directly  to 
the  output  of  a  sensor  amplifier  or  indirectly  to  this  output  at  the  25  pin  outlet  of 
the  terminal  box.  The  box  simulated  tiie  functions  of  the  Data  Acquisition  Module, 
and  its  purpose  was  to  facilitate  the  adjustment  of  amplifier  gain  and  bridge  voltage 
to  achieve  direct  reading.  It  was  also  an  aid  in  the  selection  of  initial  balance  and 
shunt  ’Calibration’  resistors,  and  in  the  diagnosis  of  sensor  circuit  faults. 
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6  Data  aoquiidtion  modnle  test  box 

This  test  box  connected  directly  to  the  Data  Acquisition  Module  in  place  of 
the  Amplifier  Termination  Box.  Its  purpose  was  to  permit  checkout  and  maintenance 
of  the  Data  Acquisition  Module  without  the  need  for  sensor  circuitry.  Signals 
equivalent  to  sensor  amplifier  outputs  for  both  normal  and  shunt  ’(Calibration’ 
conditi<nis  were  provided  on  eight  signal  lines.  Both  normal  outupt  and  shunt 
’(Calibration*  signals  were  adjustable  over  a  considerable  range  on  all  channels;  and 
test  points  for  the  connection  of  a  digital  voltmeter  were  provided  for  each  channel 
to  facilitate  the  adjustment  of  these  signals  to  desired  values. 

Die  shunt  ’(Calibration’  signal  could  be  initiated  from  the  Data  Acquisition 
Module  or  by  means  of  a  manual  press-button  on  the  front  of  this  test  box. 


7.  CONCLUSION 

Experience  with  severai  of  these  controllers  showed  the  level  of  consistency 
in  writing  to  and  reading  from  the  flof^y  disks  was  lower  than  that  considered 
desirable.  Tbia  inconsistent  performance  was  thought  to  be  associated  with  the 
operation  of  the  disk  controller,  but  efforts  to  date  have  failed  to  pin  point  Uie 
source  of  the  trouble. 

With  a  better  understanding  of  the  length  of  load  spectrum  likely  to  be 
required,  and  a  recent  increase  in  the  storage  capacity  of  EPROM  chips  the  future 
replacement  of  floppy  disk  storage  by  solid  state  store  appears  very  likely.  This 
form  of  storage,  with  no  moving  parts,  should  be  faster  and  more  trouble  free  than 
the  existing  disk  units.  The  design  objectives  set  out  in  Section  2  were  substantially 
met.  However,  while  these  controllers  permitted  a  limited  study  of  possible  multiple 
systems  it  was  clear  they  were  too  complex  and  expensive  for  use  in  the  ’many- 
channel’  control  applications. 

Developments  in  the  electronics  industry  in  general,  and  in  the  microcomputer 
industry  in  particulsu',  rendered  the  designs  used  for  this  system  obsolete  almost 
before  they  could  be  brought  into  production.  With  the  components  currently 
available  much  could  be  done  to  improve  the  design  for  single  and  dual  controllers. 
However  the  experience  gained  with  these  controllers  provided  a  clearer  insight  into 
the  technical  criteria  which  must  be  met  for  future,  all-digital,  multi-channel 
systems. 
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FIGURE  1.  SINGLE  CHANNEL  STAND  ALONE  CONTROLLER  WITH 
2  DATA  ACQUISITION  MODULES 
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FIGURE  5 
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IffiKKUtMATB 


Both  lood  and  data  diaka  were  8  inch  and  iiaed  IBM  Syitam  84,  258 
hytaa/Mctor.  doobla  aidad,  doiU)la  danalty  format.  Thia  could  be  written  on  the  dlak 
naiag  the  *FD^  command. 

The  fonnat  of  each  track  being: 


Number  of  Iqrtea 
80 
12 
S 
1 

60 


Hex  value  of  byte  written 
4& 

00 

F6 

Ondex  Mark)  FC 

4E 


WSITTEN  26  TIMES 


12 

00 

3 

F6 

1 

OX)  Address  Mark)FB 

1 

(Trade  Number)  0-4C 

1 

(Side  Number)  0-1 

1 

(Sector  Number)  1-lA 

1 

(Sector  Length)  01 

1 

(2  CRCh)  P7 

22 

4E 

12 

00 

3 

F6 

1 

(Data  Address  Mark)  FB 

266 

DATA 

1 

(2  CRCh)  P7 

64 

4E 

698  (approx.) 


4B  Until  index  mark  encountered. 


NB. 

1.  Unformatted  the  diak  capacity  was  about  1.6  M.  byte,  formatted,  slightly 
under  1  M.  byte, 

2.  Track  0  is  outside  track. 

8.  The  ’block’  number  used  by  the  facilities  package  waa  allocated  as  follows: 


Block 

Sector 

Side 

Track 

000 

01 

0 

00 

001 

01 

1 

00 

002 

02 

0 

00 

003 

02 

1 

00 

004 

03 

0 

00 

FASig 

1^16 

1 

*^16 

ie.  Block  4004  -  Sector  26,  Side  1,  Track  76. 


LOAD  PHOGRAM 


wiaoJi  coatttUiad  only  (ffio  piogmm,  which  was  dascribed  on  a  label 
attaidied  to  the  top  auitiaoe  of  the  protective  ja^t.  1110  disk  must  never  be 
removed  ftom  this  jacket. 

The  fiiat  sector  of  the  firet  track  on  side  0  was  reserved  for  the  Prosram 
Header.  Ibte  was  written  in  ASCD  eocording  to  the  following  fomtat,  with  eadi  line 
terminated  with  a  Carriage  Return. 

<IOAD  COMTBOL  PROGRAM  NUMBER  xmxx 
MAXOnJM  LOAD  EXCURSION  zzxz  NEWTONS  (or  pounds) 

PROM  TYPE  zz 
SPAN  DATA  zzzzz 
PLT  COUNT  zzz 
T/P  COUNT  zzzzz 
«^.ESC 


<.#,LF.E8C 
Load  Control 

Maz.Loed 

Prog,  lire 
l^pan  Data 


Fit.  Count 
T/P  Count 


Were  necessary  only  if  data  logging  was  used. 

Prog.  No.  Was  an  identification  number  for  the  disk.  eg.  6 
characters  representing  the  date. 

Amplitude  of  largest  load  on  disk. 

Type  of  spectrum,  eg.  Block,  Static-C^.,  Fatigue,  etc. 
Decimal  representation  of  16  bit  word,  with  lower  4  bits 
selecting  the  cal.  relay,  and  upper  12  being  fed  to  the 
DAC. 

Decimal  number  of  flights  in  this  program. 

Approzimate  average  number  of  turning  points  in  a 
flight. 


Each  ’program’  was  divided  into  blocks  of  turning  points  referred  to  as 
’Flights’.  Each  flight  commenced  with  a  10  byte  header,  which  was  always  at  the 
start  of  a  sector,  the  first  one  being  at  the  start  of  sector  2.  As  each  turning  point 
required  2  bytes,  up  to  123  turning  points  could  be  stored  after  the  header  (in  the 
flrst  section),  and  up  to  128  in  each  subsequent  sector  as  required.  Ibe  last  turning 
point  should  have  a  zero  load  value,  and  not  be  the  first  or  last  word  in  the  disk 
sector. 

The  Fli^t  header  is  written  in  hexadecimal  and  contains  the  following  6 
words  (10  bytes): 

FFFF  Header  label 

FFFF  Header  label 

zzzz  Sequential  number  of  the  flight  (starting  from  0) 

KVT  Accurate  number  of  turning  points  in  this  flight 

OOOO/FFFF  EUlvironmental  flag,  used  only  if  environmmit  control 

was  linked  to  flight  count. 


Data  was  placad  on  this  disk  accordinir  to  the  following  rules: 


Only  two  ^rpes  of  fields  were  valid: 

Text  Meaaace..with  a  *<*  header  and  ’fr  terminator. 

Sensor  Data...with  a  ‘I’xz-S’n  header,  which  defined  the  length  of  the  field 
(2n  -h  8  tqrtaa),  and  current  load  command  (zx  or,  if  not  siqiplled  FFFT  by 
default). 


A  field  has  to  be  entirely  contained  in  mte  sector.  For  convenience  a  text 
string  could  be  broken  into  2  individual  text  messages  at  the  sector  boundary, 
by  finishing  one  section  with  a  '#*  and  beginning  the  next  with  a  ’<*. 


Text  strings  should  not  exceed  266  characters  in  length. 


Fields  were  to  be  placed  on  the  disk  starting  from  the  first  positiim  in  the 
first  sector,  filling  that  block  until  there  was  insufficient  room  for  the  next 
complete  field,  then  positioning  that  field  at  the  start  of  the  next  sector. 


Prior  to  being  used  the  disk  had  to  be  formatted  with  data  that  did  not 
constitute  a  valid  header  (ie.  not  T- 8*  or  'O.  this  was  to  allow  the  end  of 
the  record  to  be  located  ae.  first  sector  not  bqdmdng  with  a  valid  header). 


Amanoixs 


RKTJgVANT  DRA1MQS 


68  467  A1 
68  466  AS 
PL  68  464 
68  466  AO 


S.A.C.  System  Block  Diacram 
S.A.C.  System  Omteral  Assembly 
S.A.C.  System  Parts  List 
S.A.C.  System  Fkmily  Tree 


68  886  A1 
PL  66  474 
66  466  A1 
66  466  AO 
68  280  A1 
PL  68  888 
68  840  A1 
PL  68  477 
68  479  A1 
PL  68  488 
68  498  A1 


S.A.C.  Rif  Monitor  Card  Circuit  Diagram 
Mk.2A  Servo  Amplifler  Parts  List 
Servo  Amplifier  Mk.2A  Block  Diagram 
Servo  Amplifier  Mk.2A  Intercoonections 
S.A.C.  Hydraulics  Controller  circuit 
S.A.C.  Load  Ptt^^rammer  Parts  List 
S.A.C.  Load  Programmer  Circuit 
S.A.C.  Data  Acquisition  Parts  List 
S.A.C.  Data  Acquisition  Circuit 
S.A.C.  Data  Acquisition  Power  Supply  P.L. 
S.A.C.  Data  Acquisition  Power  Siqiply  Cct 


69  660  AS  System  Test  Module 

PL  69  490  Termination  Box  Parts  List 

69  491  AS  Termination  Box  Circuit 

PL  69  666  Mk.8  Bridge  Amplifier  Parts  List 

69  667  AS  Mk.S  Bridge  Amplifier  Circuit/ Assembly 

69  666  AS  mk.8  Bridge  Amplifier  Calibration  Module 

69  748  A1  Intersystem  Bux,  Interconnection  A  Cct 
60  096  A1  System  Accessories  (Mounting  Hardware) 


Flow  darts.  Control 


60  860  AS 

System  Start  Up  Sequence 

60  861  A8 

Disk  Associated  Routines 

60  862  AS 

Excursion  Starting  Routine 

60  868  AS 

Eixcursion  Generator 

60  864  AS 

Excursion  Terminating  Routine 

60  866  AS 

Flight  and  Excursion  Parameters 

60  866  A3 

Test  Status  Log 

60  867  A3 

Test  Status  Routines 

60  868  AS 

Test  Clock  Handler 

60  869  A3 

Test  Status  Routines 

60  860  AS 

Interrupt  Handler  for  DAM,  Printer  &  Keyboard 

60  861  A3 

Keyboard  Routines 

60  86S  A3 

Keyboard  Data  Decode 

<A3-2) 


I 


I 

I 

j 

\ 

I 

I 

j 


nov  diarta.  DAM 

60  868  AS 
60  864  AS 
60  865  AS 
60  866  AB 
60  867  AS 
60  668  AS 
60  868  AS 
60  870  AS 
60  871  AS 


Console  Routina 


Seek  Start 
Ritorrogate  Routine 

Reed  Strain  Data 

Data  Acquiaitton  Module 
Terminate  CurrMt  Run 
TeUng  Data  MesMge 
T^nrfer  Data  to  DAM  Diak 

Echo  and  Finiah  Up 


APPEKDIX4 


SYSTEM  PARAMBICBS 


TheTEgr  port  warn  automatically  active  when  a  terminal  was  plugged  into  it, 
and  the  RESET  button  pushed.  The  baud  rate  of  this  terminal  had  to  be  4800  or  less 
and  was  by  the  system  on  receiving  a  upper  case  V  not  less  than  2 

after  resetting.  T^ridng  ’RES'  gave  a  list  of  available  commands.  Most 
qrstem  parameters  could  be  checked,  and  if  necessary  altered,  using  the  ’AM’ 
command. 

In  the  Load  Program  Module  certain  constants  needed  checking  prior  to 
operation,  these  were: 

lOOS^g  ‘nmer  for  Cal  and  response  time  (normally  TFFF^) 
lOOAj^g  Zero  crossing  rate  word  (see  Table,  t}rpically  OOT^g) 
lOOCj^g  Non  sero  crossing  rate  word  (OOTBj:  g) 

KMSj^g  Another  times  (try  0003) 

Load  disks  should  be  checked  for  spurious  first  clmracters. 

The  error  message:  ’RAM  SUPPLY  FAILED.  GET  HELP’  indicated  the 
battery  backed  CMOS  ram  bad  lost  its  reference  values.  These  were  lOOO^g-lllljg, 
1002j^g-2222^g,  1004]^g-4444^g  and  lOOe^g-SSSS^g. 

The  error  message:  ’DISK  READING  ERROR.  GET  HELP’  indicated  the 
teletype  should  be  connected  to  the  TEST*  port.  Address  1040|a  inspected  to  see 
iiditeb  record  was  the  subject  of  the  read  attempt,  1042jg  checkin  for  destination  or 
source  area  in  memory,  and  1044^^  checked  for  the  type  of  error.  The  typo  of 
error  were: 

0000  Disk  read  OK,  but  the  format  of  its  headers  was  probably  wrong. 

0001  Disk  not  recognised  as  being  of  correct  type. 

0002  Failure  of  find  track. 

0003  Failure  to  find  sector. 

The  errw  message:  'SPAN  ERROR.  GET  HELP’  indicated  the  calibratim 
dieck  had  failed,  which  could  mean: 

a.  The  ’SPAN  DATA’  was  wrong  or  in  the  wrong  position  on  the  disk  header. 

b.  The  ’cal.’  resistors  were  of  the  wrong  value. 

c.  A  zero  offset  had  prevented  null  being  obtained. 

The  AUX  port  baud  rate  buffer  was  at  lOEOj^g,  the  TTY  at  10(X)^g.  These 
were  set  according  to  the  following  table: 

9600  baud  -  2580^g 
4800  baud  -  12C0)g 
2400  baud  -  0960^g 
1200  baud  -  0460,  g 
600  baud  -  0258,  g 
300  baud  -  012C2g 
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TIm  Serial  port  format  regiaten  wore  at  10C2j«  for  the  TTV’  and  10E2^g  for 
tile  ‘AUX’,  and  were  aet  according  to  the  following  table: 


TBTT  No  parity 

latop  - 

008216 

7  BIT  No  parity 

2  stop  - 

0042ie 

7  BIT  Even  parity 

1  stop  - 

00A2i6 

7  BIT  parity 

2  stop  - 

0062i6 

7  BIT  Odd  parity 

1  stop  - 

OOB2i6 

7  BIT  parity 

2  stop  - 

007216 

8  BTT  No  parity 

1  stop  - 

008816 

8  BIT  No  parity 

2  stop  - 

004316 

8  BTT  Even  parity 

1  stop  - 

00ASi6 

8  BIT  Even  parity 

2  stop  - 

006316 

8  BTT  Odd  parity 

Istop  - 

00B3i6 

8  BIT  Odd  parity 

2  stop  - 

007316 

-  Default 


Current  program  number  is  stores  at  tOlOj^g 
Current  fligd>t  number  is  stores  at  1022^^ 
Current  t/p  number  is  stores  at  1034^0 
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fidtiaUxins  tile  UABflB 

In  TDOS  pcovisioa  was  made  for  operator  selection  of  baud  rates.  Tbe 
desired  baud  rate,  expressed  as  a  hexadecimal  number,  was  loaded  into  location 
lOCOj^g  for  the  TIY  port,  and  into  lOEO^^g  for  the  AUX  port.  Ilieae  ports  operated 
independently,  and  very  different  baud  rates  could  be  emidoyad.  However  both 
ports  were  returned  to  the  default  values  whenever  the  system  was  reset. 

Ihe  hexadecimal  equivalents  of  the  available  baud  rates  were  set  out  in 
Appendix  4. 

The  load  programmer  application  software  was  so  arranged  that  the  baud  rate 
settings  for  these  two  ports  were  changed  to  800  baud  for  TTY  and  8600  baud  for 
AUX  whenever  this  program  was  run.  This  application  software  could  be  modified 
to  take  advantage  of  the  manual  setting  of  baud  rates  in  TDOS,  but  because  this 
program  was  usually  entered  by  resetting  the  system,  it  would  result  in  trading  one 
convenimce  for  another. 


With  reference  to  source  listings;  to  modify  the  application  software  it  would 
be  necessary  to  add  a  REIF  to  SBTSER,  insert  vectors  for  SOP  and  SAP,  delete  some 
redundant  constants  and  change  the  9901  and  9902  initializing  routines  as  foUows: 


•  9902.1  9902.2  (Ref.  1) 

SBTO  @  UARTS 
BLWP  @ SCP 
BLWPdSAP 


9901 
U  12, 
SBOO 
SBZ  >F 
SBZO 
SBZ  lA 
SBO  5 
SBO  7 
U  12,  40 
MOV  12, 
CLR12 


16 


1 1098 


16 


(Ref.  1) 


To  be  worthwhile  it  would  also  have  been  necessary  to  ensure  baud  rates 
remained  valid  on  reset,  and  reverted  to  default  values  only  on  power-up. 


Oalcnlating  the  Baud  Rate  Word 

Reference  should  be  made  to  the  section  dealing  with  the  9902  in  Ref.  1  page 
8-160.  This  calculation  was  automatic  in  SBTSER,  but  if  baud  rates  other  than  300 
and  9600  were  required  with  the  current  system  it  would  be  necessary  to  modify  the 
application  program.  In  particular  constants  TXTO  and/or  TXTl  would  have  to  be 
changed;  values  for  these  constants  must  be  calculated.  To  illustrate  the  method 
used  assume  a  baud  rate  of  300  was  required; 

fRCV  or  fXMT  =  300  = 
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The  value  for  TXT  was  expressed  as  an  11  binary-bit  word  which  defined  both 
A  and  B.  The  moat  significant  bit  of  the  11  binary-bit  word  determined  whether  A 
was  to  be  1  or  8.  this  bit  was  0  then  A  was  1.  If  the  bit  was  1  then  A  was  8. 
Tbe  remaining  10  bits  were  used  to  express  the  value  of  B.  For  SOO  baud  AzB  had  to 
equal  1667  and  if  A  were  1  B  must  be  1667.  Because  1667  could  not  be  expressed  by 

10  binary  bits  A  could  not  be  1.  For  this  rate  A  had  to  be  8,  ie.  the  11th  bit  was  a 
1,  and  the  remaining  10  bits  represented  the  value  208  for  B.  This  gave  the  11 
binsuy  bit  word  as: 

100,1101,0000  which  in  hexadecimal  notation  was  4lX>j^g. 

For  a  baud  rate  of  1200:  AxB  -  417. 

Since  417  could  be  represented  by  10  binary  bits  A  could  be  1  in  this  case. 

417  was  equivalent  to  01,1010,0001 
or,  in  hexadecimal  notation,  lAl^^g. 

In  this  case  if  A  had  been  given  a  value  of  6  B  would  have  required  to  be  52;  and  the 

11  binary  bit  word  would  have  been:  100,0011,0100 

or,  in  hexadecimal  notation,  434^0. 
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EXCUBSION  TIME  OB  CTCUNG  RATE 


As  menttoned  in  the  retort,  command  slew  rate  was  determined  by  a  hardware 
interval  timer.  Whenever  this  timer  generated  an  interrupt  the  load  programmer 
adctod/subtracted  the  next  sequential  increment  to/from  the  current  DAC  command 
value.  The  timer  generated  an  interrupt  at  the  end  of  each  timing  interval  CO;  this 
interval  being  proportional  to  a  value  (R)  loaded  into  its  buffer.  Increasing  this 
interval  incres^  the  excursion  time.  The  exact  value  for  R  to  give  a  reqpdied 
cycling  rate  could  be  calculated  but,  because  the  dwell  time  at  turning  points  was  a 
variable,  the  actual  period  or  rate  achieved  would  only  approximate  the  value 
required. 

With  the  number  of  incremental  steps  to  be  added  or  subtracted  to  achieve  a 
particular  excursion  known,  and  the  excursion  time  G*)  or  frequency  (f)  specified,  the 
value  of  R  to  be  set  in  the  timer  was  calculated  from: 

R  K  - -  for  f  In  Hz 

42.66  f(^  +  N) 

or 

lO^P 

R  «=  - -  for  P  In  seconds 

21.33(^+  N> 

To  achieve  the  maximum  possible  excursion  command,  (from  -t-lO  volts  to  -10 
volts)  the  input  to  the  DAC  had  to  be  changed  by  4096  units,  and  for  any  other 
excursion  the  number  of  units  change  required  could  be  determined  by  expressing 
that  excursion  as  a  fraction  of  maximum  excursion,  ie. 

A  Excursion  Required 
“  Maximum  Excursion 

An  excursion  was  built  up  from  non-linear  and  linear  increments;  the  smallest 
excursions  requiring  only  non-linear  increments.  In  any  but  the  very  small 
excursiona  the  number  of  non-linear  increments  was  fixed  at  the  value  N  and  these 
increments,  when  added  together,  contributed  D  units  to  the  total  excursion 
amplitude.  The  linear  increments  used  to  build  up  the  excursion  each  contributed  B 
units  to  the  DAC  input.  In  the  current  system  N  -  28,  D  -  166  and  B  =  11.  these 
values  could  be  changed  only  by  changing  the  table  and  constants  in  firmware. 

For  the  average  excursion  the  number  of  linear  increments  required  as 
and  the  total  number  of  increments  for  the  complete  excursion  was  ^ ^  +  N. 

For  each  increment  required,  irrespective  of  increment  size,  a  fixed  time  T, 
determined  by  the  interval  timer  had  to  elapse.  This  led  to  an  expression  for  the 
excursion  time  of  (  ■'g-  +  N)  T. 

For  the  interval  timer  used  in  the  stand  alone  controllers  the  buffer  value  R 
was  decreased  by  1  every  21.33  microseconds  so  that: 


T  »  21.33  R  microseconds. 


If  P  was  qMcifiad  in  seconds  the  necessaiy  value  of  R  could  be  calculated: 


AnPBNIXXT 


AUSTOFSVSIBM  MBSBAGBS 


OfliMiaUy  th«  Mine  meMagea  were  uaad  for  progremmera,  oontroUen  end  dual 
contiollera.  Where  different  meaaegea  were  required  for  the  dtfferent  ayatema  they 
have  been  labelled  P,C  or  DC  in  the  following  list  to  indicate  their  application. 


Ml 

C,DC 

*lhe  Syatem  will  apply  loada  with  amplitudea  qpecifled  on  floppy 
diaka.  Syatem  calibration  ia  automatic  and  apedmwi  calibration 
in  poaaible.  Loading  may  atart  from  beginning  of  Program  or  at 
Turning  Point  reached  in  i»eviou8  nm*. 

Ml 

P 

*7116  Syatem  will  apply  loada  with  amplitudea  apecified  on  floppy 
diaka.  Specimen  calibration  ia  poaaible.  Treading  may  atart  from 
beginning  of  Program  or  at  Turning  Point  reached  in  previoua 
run*. 

M2 

'RAM  aupply  failed*. 

MS 

C 

'Header  Error.' 

MS 

DC 

'Dwell  E!rr.  Check  all  Fit  and  T/P  countera*. 

MS 

P 

'Syatem  not  ready". 

M4 

"Reply  with  Y-CR  for  yes,  N-CR  for  no". 

MS 

"Is  Program  correct?" 

M6 

'Wrong  Diak.  Replace  and  restart*. 

M7 

C,DC 

'Null  or  Span  E^r". 

M7 

P 

'Header  Error*. 

MS 

C 

"Hydraulics  disabled*. 

MS 

DC 

"HydrauUcs  or  Slaves  disabled*. 

M9 

Ts  Data  Logging  required?" 

MIO 

"DAU  is  off-line." 

Mil 

"To  start  Program  from  flrat  point  type  S; 

To  go  from  point  reached  earlier  type  C." 

M12 

"S!!....OK  to  clear  log?" 

MIS 

C,DC 

"Turn  on  Hydraulics'. 

MIS 

P 

'Loading  System  ready?" 

M14 

C,DC 

"7\jrning  Point  not  found". 

M14 

P 

"Turning  Point  not  available.  Get  help*. 

MIS 

'Disk  Read  Error". 

M16 

C 

"No  null.  Time-out.  Shut-down  active". 

MIS 

DC 

"Ack  delay.  Null/Ack  error.  Time-out.  Shut-down  active*. 

MIS 

P 

"Time-out.  Shut-down  active". 

M17 

"Holding.  At  Turning  Point.  <T/P:  Fit:  Prgm:  Time:  Date:". 

M18 


*l^p«  CX)  to  start  or  continue  testing. 

0^  HD  to  bold  at  nest  Tumiqg  Point. 

Type  WT  to  inhibit  auto  sbutHiown*. 

1119  C,DC  "Bscursion  failed  to  reacb  end-point  value*. 

liift  p  'Excursion  failed  to  reacb  end-point  value.  £aiut  down  and  get 

belp*. 

M20  "Holding.  At  end  of  Right.  T/P;  Fit:  Prgm:  Time:  Date:’. 

1121  'DAUout.  Check  DAM  Errors'. 

itee  'Fli^t  Count  Error*. 

U9H  'At  end  of  Program*. 

1124  Non  printing  message  used  to  Interrogate  DAM. 

1126  Non-printing  message  to  DAM  to  read  ouHnit  of  sensors. 

M26  'Latch  tripped.  R5:  '. 

H27  Non-printing  message  to  DAM  to  clear  data  buffers  and  stop. 

M26  DC  'Header  Error*. 
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A  IStr  or  SOrrVABB  BOUnNBS  UBBD  BT IHB  DATA  AOQDBnaON  SVSlKlf 

1.  Ihitlaligatton  including  record  search. 

2.  Consols  Receiver.  Interrupt  Handler. 

5.  Auxiliary  Receiver.  Interrupt  Handler. 

4.  Timer.  Interrupt  Handler. 

6.  Interrogate  Command  ly. 

6.  Input  Message  Command  ’< . 

7.  Sensor  Reading  Command  H: . ;#’. 

8.  Terminate  Current  Run  Command  T^*. 

9.  Terminate-Command  Execution. 

10.  Echo  Character. 

11.  Transfer  Disk  Buffer  to  Disk. 

12.  Fault  Service. 

IS.  Timer  Service. 

14.  Multiplexer-Converter  Controller. 

15.  Write  on  Disk. 


16.  Read  from  Disk. 
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ACCEFTANCB  TESnNG 


1.  Contnd  ModnleB  (Load  Programmer,  Big  Monttor,  ^draidice  Oontral  aad 
Servo  An^itflar) 

The  two  6  volt  supply  cards  were  set  to  a  current  limit  of  2  amps  each,  and 
one  to  6.22  volta  end  the  other  to  6.20  volts.  This  was  to  prevent  oacillation 
between  supplies,  and  allow  a  margin  for  voltage  drop  in  the  cables.  A  check  was 
made  to  ensure  link  8  is  installed,  link  7  installed  and  link  9  removed. 

On  the  24  volt  card  (cct.  68241A2)  link  8  was  installed,  link  9  removed  and  7 
installed.  The  Trim  pots  were  set  to  24.2  volts  and  1.6  amps.  This  allowed  for  the 
surge  current  necessary  to  get  the  disk  motor  to  speed  quickly. 

Once  power  suK>ly  operation  had  been  verified  other  cards  could  be  installed 
(one  at  a  time,  checking  supplied  were  not  shorted  each  time  a  new  card  was  added). 

First  the  switching  logic  card  to  the  liydraulics  control  module’,  followed  by 
the  rig  I/F  card  in  the  TiOad  Program  Module*.  At  this  point  supplies  on  the  load 
programmer  bus  and  the  CPU  card  connector  could  be  checked.  Prior  to  inserting 
the  CPU  card  in  the  load  programmer,  8T5  was  linked  to  ST7  and  STS  linked  to 
Sno.  The  monitor  (TDOS)  was  installed  in  the  sockets  closest  to  the  end  of  the 
card,  M.S.PROM  furthest  from  edge  connector.  The  L.P.  PROM  installed  in  the 
1C14  position.  The  disk  controller  was  inserted  next  as  it  controlled  the  DMA  line. 
A  terminal  (set  to  X10,S00,600  or  1200  baud,  as  selection  is  automatic)  was  then 
connected  to  the  TEST’  port.  After  pushing  the  ’RESET*  button,  waiting  2  seconds, 
and  typing  ’X*  (upper  case)  the  prompt  should  be  received.  It  not  the  following 
were  checked: 

1.  Reset  to  pin  6  of  9900. 

2.  Clock  to  pin  8,9,26,28  of  9900. 

3.  -6  V  to  pin  1  of  9900. 

4.  Strobe  to  pin  20  of  Monitor  EPROM. 

5.  ASCn  data  reaching  pin  4  of  IC29  (74LS251). 

6.  ASCn  ’•’  leaving  pin  4  of  IC30  (74LS259)  in  response  to  ’X’. 

7.  If  DAM  line  is  low. 

Before  the  disk  controller  cards  were  adjusted  a  special  cleaning  disk  was  used 
to  clean  the  drive’s  heads.  IC12  pin  5  was  then  checked  for  a  350  nanosecond  pulse 
when  location  8000  was  access^  (CIS  and/or  R4  beir.g  adjusted  as  necessary). 
Similarly  IC5  pin  8  was  checked  for  a  560-620  nanosecond  pulse  wid^  while  DMA 
was  in  progress  (adjusting  C14  and/or  R2  if  necessary). 
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Ob  controller  cards  the  centre  trim  pot  was  set  to  the  half  way  position 
RV3  (closest  to  edge  ccHinector)  to  give  4  MHz  at  pin  16  of  ICIO  (WD1691),  H  this 
pot  was  near  the  limit  of  its  travel  adjustment  of  C14  to  give  a  more  central 
operating  point  was  required  (about  47  pF>.  RVl  (furthest  from  edge  cminector)  was 
set  fully  dockwise,  »nd  advanced  two  turns  at  a  time  imtil  reliable  operation 
obtained.  A  chedr  teing  made  that  link  2  and  16  were  in  place. 

The  clock  on  TTY  card  was  adjusted  by  setting  bit  74,75,76,77  and  79  to  1,  bit 
78  to  0,  c<Minectlng  a  frequency  meter  to  pin  9  of  ICl  (MSM6832>  and  adjusting  CIS 
for  a  reading  of  1024,(X)0  Hz.  The  *80’  command  could  then  be  used  to  set  actual 
time  and  data. 

The  tig  I/F  card  was  then  installed  and  calibrated  against  an  accurate  Digital 
Volt  Meter  «v>fit.Anv»d  to  the  TIXT.  DVM*  socket  on  the  TtKl  MONITOR  MODULE*. 
The  'AM8010'  command  was  used  to  send  8000  to  the  DAC  so  RV2  could  be  adjusted 
to  give  a  -10.000  v  reading,.  Then  7FFF  was  sent  to  RVl  could  be  set  for  a  +9.9951 
V  reading:  a  check  then  being  done  that  0000  gave  a  0.000  v  reading.  This  procedure 
compensated  for  any  errors  in  the  differential  input  stage  of  this  module. 

This  was  a  convenient  point  to  adjust  the  trim  pot  at  the  rear  of  the  meter  in 
the  ’rig  monitor*  unit  so  the  panel  meter  gave  the  same  reading  as  the  ’accurate 
digital  voltmeter*.  The  *Sy8tem  test  module*  was  then  connected  and  RVS  and  4 
adjusted  for  monitor  null  symmetry,  and  monitor  null  level  (say  200  mv  on  command 
line)  respectively. 


2.  Data  Aoquisitian  Module 

This  module  was  set  up  in  the  same  manner  as  the  Load  Program  Module 
except: 

1.  Its  internal  power  supply  bad  no  adjustments. 

2.  It  had  no  rig  I/F  card  to  worry  about. 

3.  It  used  *DO*  PROM  for  IC14  on  CPU  card.  (This  put  ordinary  RAM  in  the 
1000-17FF  area  used  by  the  disk.  Refer  to  Appendix  1). 

4.  It  used  DA  EPROMS  for  IC16  and  IC17. 

5.  Resistors  R26,27,28,29  on  ’Data  Acquisition  Card*  (cct  68482  Al)  were 
adjusted  as  necessary  to  give  correct  range  (+4.9975  to  -5.000  v)  and  zero. 
This  was  checked  by  connecting  the  DAM  Test  Box,  setting  it  to  a  accurate 
DVM  and  using  the  *CY*  routine.  (CY  was  a  monitor  routine  causing  the  8 
channel  ADC  to  read  and  print  out  reading  values). 
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SETHNO  UP  THE  TEST 


1.  LoadBanga 

Hie  ayetem  waa  firat  adjuated  by  mechanically  unloading  the  cell  to  the 
condition  de^ed  aa  *aero*.  A  reaiator  (or  combination  thereof)  waa  then  added  to 
poaition  R2S  or  R29  to  give  a  zero  reading  on  the  DPM  when  it  wcm  awitched  to  the 
’control  bridge’  poaition  M-  a  few  millivolta).  The  monitor  bridge  waa  alao  adjuated 
along  aimilar  linea.  ‘Then  the  ’zero  suppreaaion’  trimpot  on  the  aervo  amplifier  waa 
adjuated  to  give  zero  on  the  DPM  when  in  the  ’feedback’  poaition. 

After  enauiing  DPM  and  DAC  are  correctly  aet  up,  a  load  representing  about 
80%  of  full  scale  was  chosen.  The  ’command’  was  set  to  this  value  by,  calculating 
the  ezact  hez.  number  representing  the  load  chosen,  and  setting  the  DAC  to  this 
value  using  ’AM8010’  from  the  test  port.  Then  a  hiidi  accuracy  decade  resistance 
box  was  connected  across  one  arm  of  the  control  bridge,  as  close  to  the  cell  as 
possible,  and  set  to  represent  this  load.  Link  4  (on  lUg  Monitor),  ’Feedback  Gain’, 
and  Te^back  Gain  Trim’  were  then  adjusted  to  give  a  reading  of  zero  ’Error’  on  the 
DPM.  The  resistance  box  waa  then  transferred  to  the  ’Monitor’  channel  and  reset  as 
neceaaaiy.  With  the  ’(^mmand*  unaltered,  link  3  and  RV2  (in  Rig  Monitor)  were 
adjusted  to  position  the  residual  signal  in  the  centre  of  the  null  band. 

2.  Bepeatabili^  Ghedking  Circuits 

Shunt  ’cal’  resistor  values  were  chosen  to  give  about  60%  full  scale  reading 
(this  allows  ■«-/-40%  variation  in  nominal  zero  load  at  which  ’cal’  was  applied).  The 
resistors  were  required  to  give  equivalent  loads  (within  1%)  in  monitor  and  feedback 
circuits.  An  ezact  load  equivalent  was  calculated  for  the  feedback  resistor,  and 
used  in  the  preparation  of  tiie  load  disk  header.  These  feedback  and  monitor  ’cal’ 
resistors  were  placed  in  position  R53  and  R57  respectively  (in  Rig  Monitor). 

8.  General 

Before  a  real  specimen  was  coupled  to  the  loading  system  several  checks 
needed  to  be  made; 

1.  System  polarity;  tension  in  load  cell  -  positive  feedback  voltage  »  jack  travel 
in  "compression”  direction. 

2.  Travel  limit  micro  switches  and  emergency  stop  switches  all  wired  in  and 
working. 

3.  Solenoid  valves  all  operating  properly  (Remember;  Failure  to  shut  off  supply 
when  a  fault  occurs  would  be  embarrassing). 

4.  Load  limits  on  servo  amp  set  correctly. 

6.  Servo  Error  limit  on  Servo  Amp  set  appropriately  (say  200  rov). 

6.  Servo  gain  not  too  high,  say  100  (oscillating  systems  are  also  embarrassing). 
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1  7.  Dither  to  about  60  mv  pp  for  a  start. 

i  8.  Span  set  appropriately  (probably  100%). 

\ 

I 

I  9.  Set  Point  to  600  or  switched  out. 

j  10.  Feedback  null  band  set  to  small  value. 

11.  Monitor  null  band  set  to  Urger  value. 

For  more  detailed  information  consult  Reference  2  and  8. 
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MOUNTING  HARDWABE 


Several  facuira  had  to  be  considered  when  mounting  these  ayatenta: 

1.  Height,  each  8  channels  of  data  Acquisition  required  8E,  eadh  control  channel 
9B  plus  about  3E  per  additional  channel  for  intersystem  modules.  NB:  E  - 
44.46  mm  »  1.76  inches. 

2.  Depth,  from  the  front  mounting  flange  the  units  required  a  minimum  of  460 
mm.  This  however  did  not  allow  air  flow  through  the  cooling  fans,  so  if  this 
dimension  was  used  a  ventilated  rear  door  would  be  needed.  Ihe  vent  should 
be  equipped  with  some  kind  of  effective  filter. 

3.  Accessibility  was  a  major  concern  with  the  Rig  Monitor  as  it  contained  many 
internal  adjustments.  Hence  telescopic  sliders  were  recommended  for  this 
module.  However  as  tiie  normal  width  of  a  cabinet  was  450  mm  and  the 
width  of  the  type  116  module  443  mm,  special  rear  sections  for  the  frame 
needed  to  be  fabricated  (see  Drawing  60096A1),  and  the  sliders  still  had  a 
maximum  thiclrtmiui  of  10  mm  each  (3.6  mm  each  side  standard  plus  6.6  mm 
for  modified  rear  vertical  sections).  The  maximum  hei^t  was  limited  to  66 
mm  by  the  side  rails.  Ihese  requirements  were  met  by  the  ELMA  66-001-03 
rails  (467.2  mm  long). 

4.  Cooling  did  not  (uresent  a  problem  if  only  one  basic  S3mtem  was  in  the  rack. 
However  if  two  or  more  channels  were  mounted  in  the  one  cabinet  it  was 
recommended  forced  draught  be  provided  by  one  or  more  fans.  The 
positioning  of  these  fans,  had  to  take  into  account  the  inability  of  air  to  flow 
vertically  through  the  rig  monitor  module. 
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REVISIONS 


From  experience  sained  with  the  prototype  since  the  orisinal  order  was  placed 
some  improvements  have  been  made. 

1.  Span  range  on  rig  interface  card  needed  increasing  (R4  changed  to  ItK). 

2.  DAlf  reset  switch  was  replaced  by  a  BAO  19-139.0  switch,  19-932.0  lens  and 
99-943.02  LE!D  (the  cathode  being  taken  to  SK2-J  on  the  CPU  I/F  card  via  390 
ohms,  the  anode  to  -t-S  v  PLl-EB). 

NB:  Hole  needed  enlarging  to  8.0  mm.  This  gave  a  visual  indication  of  an 
error  condition. 

3.  A  similar  device  was  added  to  the  Rig  Monitor  module  in  place  of  the  Tlwell’ 
LED,  with  one  side  taken  to  digital  common  and  the  oAer  to  the  base  of 
TR2.  This  allowed  dwell  to  be  manually  inhibited  to  perform  valve  balance. 

4.  To  improve  long  term  accuracy  of  rig  monitor  R61  was  replaced  with  a  high 
stability  1  M,  and  RVl  with  a  fixed  hi{^  stability  110  K  (range  adjustment 
available  at  rear  of  meter). 

5.  Problems  were  encountered  achieving  certain  gain  settings,  these  were 
overcome  by: 

a.  Changing  R14  on  the  Servo  Amplifier,  Input  Amplifier  card  (51  903  A2) 
from  4K7  to  2K7. 

b.  Replacing  R€3,64,65  and  RV2  (10K,10K,4K7  and  lOK)  on  the  Rig  Monitor 
(68  387  Al)  with  47K,47K,9K1  and  60K  respectively. 

6.  C15  on  disk  controller  card  B  (58  219  Al)  could  be  reduced  from  330  nF  to  33 
nF  to  improve  PLL  performance. 

7.  Later  versions  of  the  software  have  been  released  incorporating  checks  on  the 
reading  of  disk  blocks  to  ensure  spectrum  is  read  accurately. 

8.  A  later  version  of  the  Load  Programmer  software  incorporates: 

Inspect  command  to  stop  at  given  prog/fli^t/T/P. 

Z  to  suppress  end  of  flight  logs. 

Photo  command  to  trigger  a  camera. 

This  version  needed  a  special  TDOS  with  vectors  relocated  because  it  overran 
the  old  vector  area. 


l»9rBIBUTION 


ADBTRAUA 

Department  of  Defence 

Oefence  Central 

Chief  Defence  Sdentiat 

Aasiet  Oiief  Defence  Scientist.  Operations  (shared  copy) 

.  Assist  Chief  Defence  Scientist,  Policy  (shared  copy) 

Director,  Departmental  Publications 
Oamsellor,  Defence  Science  London  (Doc  Data  Sheet  Only) 
Counsellor,  Defence  Science  Washington  (Doc  Data  Sheet  Only) 
S.A.  to  Ibailand  If  ilitary  R  and  D  Centre  (Doc  Data  Sheet  Only) 
S.A.  to  the  DRC  (Kuala  Lumpur)  (Doc  Data  Sheet  Only) 

OIC  TRS,  Defence  Central  Library 
Document  Exchange  Centre,  DISB  (18  copies) 

Joint  Inteliigence  Organisation 

Librarian  H  Block,  l^ctoria  Barracks,  Melbourne 

Director  General  -  Army  Development  (NSO)  (4  copies) 

Aeronautical  Research  Laboratory 
Director 
Library 

Divisional  File  -  Aircraft  Structures 
Authors;  E.S.  Moody 
I.  Powlesland 
A.  Patterson 
P.  Ferrarotto 
D.  Smith 
L.  Conder 
C.  Ludowyk 

Materials  Research  Laboratory 
Director/Library 

Defence  Science  &  Technology  Oragnisation  -  Salisbury 
Library 

Navy  Office 

Navy  Scientific  Adviser  (3  copies  Doc  Data  sheet  only) 

Army  Office 

Scientific  Adviser  -  Army  (Doc  Data  sheet  only) 

Engineering  Development  Establishment,  Library 

Air  Force  Office 

Air  Force  Scientific  Adviser  (Doc  Data  sheet  only) 

Aircraft  Research  and  Development  Unit 
Library 

Engineering  Division  Library 


Statutory  and  State  Authorities  and  Indus  try 

Aero-Space  Tecbnologiea  Australia  P/L  ~  Manager/Librarian  (2  copies) 

BHP,  Melbourne  Researrh  laboratoriea 

Hawker  de  Havilland  Aust.  Pty  Ltd,  >^ctoria.  Library 

Hawker  de  Havilland  Aust.  Pty  Ltd,  Bankstown,  Library 

Universities  and  Colleges 

RMTT 

Library 

Aeronautical  Engineering  Department 


SPARES  (10  copies) 
TOTAL  (69  copies) 


aL  S49 

REVXSeO  OeCEMBER  «7 


D9«ATt«ff  OP  OeFOCC 


